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INTROD UCTIO N, 
COTTON forms one of the main  crops of large tracts throughou~ 
India and is consequently of considerable agricultural imporfiarlce. 
The fibre of the majority of the forms found under cultivation 
is, however, very poor and in a few eases only of suNcient qualRy 
to find a luarket in England, The consumption is chiefly local and 
an important industry has arisen with numerous mills the bulk of 
whose out-turn is coarse yarn and cloth for which a considerable 
demand exists. [['he problem of improvement in the quality of the 
raw product is one which has exercised the minds of numerous in- 
vestigators throughout India for nearly a century and was referred to 
the author as the problem of most pressing importance when he entered 
Government service in 1904. The experiments were commenced at 
Saharanpore in 1905 when a series of 'the Indian forms were first grown 
and observed and they have been pursued without interruption first at 
that piece and later as part of ehe work carried on by the Research 
Section of the United Provinces' Agricultural Department at the 
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Cawnpore S[ation. Though the practical conclusions have of necessity 
throughout received etailed attention the wider aspect has not been 
neglected, The broadest iriterpretation, i  fact, has been placed upon 
the suhject in the belief that by such means only can the breadth of 
view be obtained which is essential to that comprehensive understand- 
ing of the group of types under experiment which alone will lead to 
success in pracLiee. With this aim in vie~r the range of the indigenous 
forms has, as far as possible, been determined, the various types 
isolated and grown in pure culture, and crosses made between them. 
The fact tha~ the uItimabe goal ofthe experiments is the improve- 
ment of the forms generally cultivated has nevertheless imposed certain 
restrictions which it is necessary to review here. The object is ex- 
clusively an improvement of the forms grown in the United Provinces. 
These Provinces are eharacterised bya comparatively severe winter, of 
a severity sufficient not only to check all growth in the cotton plant 
but to render all previously-formed branches incapable of flower produc- 
tion. ]3efore this can occur, a considerable amount of fresh growth 
must take place and, by the ~ime flowers commence to form, the brief 
femperafe period has given place to a summer so intensely hot and dry 
that little or no. fruit is set. Forms, therefore, such as are commonly 
cuItivated in the miider~districts of.Southern India have been grown 
only with considerabIe difficulty. It has been found practicMly impos- 
sible to isoIate pure types of these ankl in many cases the only record is 
cue of complete failure to pass from one generation to the next. A full 
investigation of such forms can only be accomplished ilaa climate more 
suited for their cultivation. 
During the past few years there has been frequent reference ia 
India to "plant-to-plant" selection as a means of improving the quality 
of ~he staple. This term "plant-to-plant selectima" is one which has 
received extended application in India and is there used to denote that 
selective process by which the crop is grown from the seed of definite 
seleeted plants. Fertilisatioa is allowed to take place naturally and 
the effects of possible ross-fertilisation are disregarded. It is a method 
which has been advocated on the assumption that eross-fertilisation 
does not occur in nature--a view that has been maintained by Gammie 
(8 and 9). On the other hand observations to the contrary have been 
made by Bdis (1) working in Egypt o~1 a different series of types and in 
!ndig by Burkill (4), Fyson (~') and the author (I.t). A?so throughout 
their work both Niddleton (I8) artd Watt (19 and 20) constantly iedi- 
ea~e their belief, not only that natural crossing takes place, bu~ that 
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certain of ~he races recognised by" them have directly arisen by the 
in~ercrossing of o~her exLant races, tb is not proposed to enter into 
~his question here, and i~ will su~ee ~o say that abundant proof ~ha~ 
crossing is of frequen~ occurrence has bees forthcoming since the 
aughor's ~rs~ no~e (11) on this subject ~. Under the circumstances, 
however, a word as to the procedure adopted in the present experiments 
is necessary. 
The seed received from at1 sources has invariably giver, a crop con- 
taining numerous, and frequenLly lnOSb diverse, forms. The seed of 
those appearing recognisably distinct is collected and sown separately'! 
From the similarity or dissimilarity of the offspring the purity or the 
reverse of the parent can be de~ermined. If the parents appears to be 
pure ~he most typical individuals among the off.spriag are selected and 
the flowers of these are protected. The form is, in future generations, 
raised from the seed of flowers thus self~fertflised only. The unit of the 
parental series on which these experiments ave based is, ~herefore, a 
series of individuals derived by repea~,ed self-fertilisa~ion through a 
greater or less number of generations, from a single individual Such 
a unit may form the sole representative of a ~ype buL, in the majority 
of cases, the ~ype, as defined, includes Several such units usually dis- 
tinguishable by some small difference in one of the characters.. The 
unk is, therefore, comparable to ~he "pure line " of Johannsen. 
In all cases when i~ is proposed ~o make a cross, the flower~of the 
seed parent is emasculated in bud after removal of the petals and, after 
emasculation, both before s and after fertiEsation, protected by a paper 
bag for two days by which time the stigma has usually dropped. The 
flower from which the pollen is to be obtained is also protected in like 
manner before the bud opens. The manipulation is simple and among 
several hundreds of plants in the /7t general{on ot a single case of 
accidental selfing has occurred. The parentat types have been grown in 
each successive season fl'om the seed of protected flowers. In the 
majority of instances the bud is simply covered wi~h a bag which is 
removed after two days. This method has been, found, however, to lead 
~o a considerable degree of sterility and in some eases it has been 
necessary ~o adopt ghe method of intercrossing different plants of the 
x Kids also .Balls (2} which has appeared slnse the ~bovs was written. 
Since several characters are no~ recognisable until ripe fruit is developed, i~ is 
nsuaEy impossible to select ~hese plants unti l  it is too la~e in the season ~o obtain seed 
from them by selLfe~tilisafion. 
a The flower is never fer~itised at the time of emasculation. Oompare Hs~r~ley (28). 
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same generation, Such crossing is confined to individual plants of the 
same pure line and its success is of some interest in view of the facts 
noted by Darwin (5)L Where the produce by self-fertilisation is required, 
as in the 271 and subsequent generations, the flower is invariably pro- 
teemed in spibe of the considerable abour of handling some 9000 flowers 
in the course of four to six weeks. In no case has the produce of an 
unprotected flower been included in the results given below. 
THE GENUS ~OSSYPIUN: AND T~E TYPES USED IN THE 
INVESTIGATIONS. 
:For reasons which will appear in the course of this paper the author 
does not consider it advisable at the present ime to put forward any 
scheme of' classification to which reference can be made for identifica- 
tion of th~ types handled by him. Nor is he able to accept in f\fll any 
of the classifications hitherto advanced. Only those types to which 
reference is made are therefore briefly described and referred to Lheir 
place in the schemes in current use. The oldes~ of these are the 
classical studies of the genus Gossypium by Todaro and Parlatore (15 
arid t4) where comprehensive schemes for the classification of the germs 
at:e to be t%und. Ag a more recent date The Indian Cottons have been 
deMt with by Oammie (9) and lastly Watt has reviewed the whole genus 
in full detail in his WiZd and CuZ~ivc~ted Cottons office World (20). 
The Indian cottons fall into two marked groups distinguished from 
each other by ~he type of secondary branching. Arising from the main 
axis, which is invariably a monopodium, the secondary brunches may 
either be monopodia or sympodia. The type in which all ~he secondary 
branches are sympodia has not bean observed though it frequently 
happens that individual plauts of certain types exhibit sympodial 
secondary branching only (eft PL XXXIV,  facing p. 208). 
Nevertheless, in pure races, the number of monopodia produced at. 
the base of a sympodiM type is invariably limited and the two groups 
stand in obvious contrast on ~his point. 
Nonopodial branches are in mos~ cases, though not invariably, 
ascending while the sympodial branches are usually spreading and the 
two groups lie in marked emltrast o the eye. This difference" ~ppears 
to be fundamental nd not limited to the appearance. The flowers are 
invariably borne on sympodia which take the form of leafy cymes or, 
more strictly, monochasia. In the sympodial group, therefore, the 
See Mso Goebel, I?[. in Darwin~sv~ and Mode,'~ Science, p. ~t01. 
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flowering period commences with the development of the secondary 
t~ranching, white in the monopodial group this period is delayed until 
the ber~iary branches arise. In India the culLivated monopodial types 
are in the minority and occupy distinc~ tracts. Cross-t~rtilisation be- 
tween the different ypes is consequently of rare occm'renee, arising 
under exceptional conditions only, and intermediate types are few. 
The sympodial types on the other hand are widely cultivated through- 
out continuous areas and consequently, in the absence of any control 
over the seed suppl.y, have become inextricably mixed through natural 
cross-fertihsa~ion. The occurrence of crossing between the monopodial 
and sympodial types is, as in tt~e ase of the monopodial types, suffi- 
ciently infreqnent even where 6hese types are grown in close proximity. 
The monop~dial commence flowering about five months after the sowing 
period while the sympodiaI are in Nilflower in three months and are 
producing only stray flowers when the monopodial types are in flower. 
While, therefore, natural crosses are fairly s .observable among 
the offspring of monopodia[ types, such crosses h~ve not occurred witMn 
the author's experience among the offspring of sympodia[ types grown 
in like proximity. 
TI/e hypes which have been employed in the Iexperiments detailed 
below are characterised in the subjoined list. In.this list no attempt 
has been made to arrive at a full and accurate botanical description of 
each type. The references to the current schemes of classification will 
sutI[eiently indicate the broad outlines of the type in question while 
below are given only such characters as it is desirable to emphasise 
owing to the position ~hey occupy in the course of the expgriments 
about to be de,ailed. 
Monopodicd ~ypes. 
Type 1. Perennial;  secondary branches ascending sharply at an 
acute angle. Leaf factor i is less than entire 2; plant almost glabrous. 
Braeteoles smut1, triangular, margin entire or dentate. Corolla yeItow. 
This plant is the G. ob~sifolium Roxburgh Flora Indies of Gammie 
(9) and Watt (20). The various forms to which the specific name obtusi- 
fotia~r~ has been given at different times have been dealt with by 
Burkill (21). 
Type 2. Perennial; with secondary branches spreading. Leaf with 
a factor less ~haa 2. Stem and leaves densely covered with shor~ hairs. 
1 A detailed account ef ~he leaf fl~c~or ~s ~ven below (p. 22I}. I~ is ~he value obtained 
for ~he ra~io ~ ~ b ; e, vide Fig. 1, p. 220. 
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Bracteoles deeply aurieulabe or reniform, deeply serrate, spreading in 
fi'ui~. Corolla yellow, petals small. Stigma heavily glandular. Capsule 
inflated and nearly spherical with a sharp mucronate apex. 
This plan~ is ~he G. hsrbc~seum Linn. of Todaro (16) and @atomic 
and the G. obt~s~ifo~i~n var. Wigh~ic~nct~ of Wat~ (20). 
Type 3. Perennial "tree cotton"; secondary branches ascending 
sharply at an acute angle. The entire p[an~ of a deep red, or purple 
coleus. Leaf with a factor greater ~han 3; frequently with an extra 
footh on one or both sides of the central lobe. Bracteoles mall, ~ri- 
angular; margins entire or with the tip dentate. Corolla deep-red. 
Stigma eglandular. Capsule usually .3 celled, ovate. 
This plant is the Gossypi~s~ arbors~n of Linn. Sp. P1. ; Parlatore (1~); 
Todaro (16) ; and the @. c~rborez~ type of Laramie (9) and Watt (20). 
Sym?odicd ~ypes. 
Annuals with a few- only, or none, of the lowest sedondary branches 
monopodia, the remainder sympodia ; the monopodiat branches ascending 
and the sympodial spreading. 
Type 4~. A tall plant, in later stages drooping under the weight of 
fruit. Leaf large, with factor less than 2; lobes commonly .S or with 
two small accessory basal obes. Young stem and leaves sparsely hairy. 
Bracteoles mall, entire or with few small apical teeth, closely enveloping 
bud and fruit. Corolla yellow wi~h deep-red "eye." Petals large, semi- 
transparent. Stigma eglandular or with few glands only. Capsule 
commonly 3 celled, ovate. 
This plant is the Gossypiu~ indisz~sz Larak. of Laramie (9) and 
G. Nc~/ci.r~ var. bc~i of Wa~t (20). 
Type .5. An erect plant, in later stages drooping under the weight 
of frni~. Leaf factor less than 2; lobes 5--7. Young stem and leaves 
hairy. Bracteoles large, entire or with few small apical ~ee~h loosely 
enveloping bud and in fruit sometimes reflexed. Corolla yellow with 
deep-red "eye"; petals opaque. Stigma eglandular or with few glands 
only. Capsule commoBly 3~4~ celled, ovate. 
Type 6. An erect plant differing from Vpe ~ in the grea~er rigidity 
ttle main stem and the angle a~ which ~he secondary monopodig arise, 
"in ~his case about 45 ~ and in ehe corolla which is white. The petals 
are small, scarcely projecting beyond 5he bracteoles. 
Type 7. Plant erect wi~h secondary monopodial branching, when 
developed, sharply ascending. Leaf factor less 6hun 2; flower white. 
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This type differs from the last in two respects. The secondary mono- 
podiaI branches, if developed, are sharply ascending. Frequently, how- 
ever, they are absent, and eves when present reduced in number in 
plants where the growth  of the main axis has not received a check, to 
one, or at most, two with vigorous growth. The plant is consequently 
strongly asymmetrical. For the same reason the ]engtli of bhe vegeta- 
tive period is very brief and the firs~ flowers develops while the plant 
is s~iI] quite small. Growth continues throughot.tt he season, ghe plant 
'maintaining a marvellous fertility. 
Type 8. A tall plant, in la~er s~ages drooping [ruder the weigh~ of 
Duik Leaf' fhctor grea~er than 3; lobes 5--7 with an extra ~oodL 
on one, or both sides of the central lobe, frequently developed. Young 
stem and leaves hairy. Braeteoles entire or with few apical teeth. 
Corolla yellow with deep-red " eye." Stigma eglandular or with few 
glands only. Capsule 3--~ celled, ovate. 
Type 9. A plant differing from (6) in the colom.' of corolla only 
which is white and scarcely protrudes beyond ~he bracteoles. 
Types (4)--(9) f~ll into ~he G. ~zeggeot,~ and ~. roseum of Todaro (16), 
the g. nWgec~um Ted. of Gammie (9) and the G. arborm~m, vats. neff~ec~ct 
and r0*e~ of Watt ('20). 
Type 1.0. i ~alI plant with the main s~em weak and early drooping. 
Leaf factor greater ~haa 3; lobes 5--7. Brae[roles entire or with 
few apical teeidL large and continuing to grow with the developing 
boll. Corolla pale-yellow with deep-red "eye." Stigma eglandalar. 
Capsule ovate very large with numerous seeds. 
This plan~ is the G. cernuum of Todaro and Oammie and the 
G. arbora,:rr~ var. essa,micc~ of Watt (20). 
Type i1. A tat[ plant with leaf factor greater than 3; leaf lobes 
5--7; stem and leaves of a deep-red or purple colour ; brac~eoles entire 
or with few apical teeth. Corolla wi~h deep-red "eye," petals white, 
tinged with pink El mg margin and the portions exposed in the bud. 
This plant is [be G. sancyuineum Hassk. var. minor of Oammi e (9). 
In the above description ~o reference has been made to the glands 
which occur on the under-surface of the main ribs of the leaf. The 
presence, absence and number of these glands was a~ one time con- 
sidered a point of some s~-stematie mportance. For ~he present it may 
be noi:ed that most of the types above described can be divided into 
three groups ; that in which the ]eaf has no glands, tha~ in which the 
leaf commonly ha.s 3 glands, and an intermediate group, in which 
[ks majority of the leaves possess only one gIa.nd situated on the 
Journ. of  Gee.  I 15 
212 Steadies i'~ f~zd'ic~z ~o~o~ 
under-surface of the mid-fib. A detailed discussion of the leaf glands 
is reserved for subsequent treatment. 
THE EXPERIhrENTS.  
In ~he crosses ~hat have been made between pairs of the above 
types the characters that have been observed iiz greatest de~ail include 
She following :
(c~) The eolour of the corolla. 
(b) The red colour~ng matter of the sap. 
(c) The leaf factor. 
(d) The .type of branching and length of vegetative period. 
(e) The leaf glands. 
In all the types of Indian cottons now under eonsicleration, 5here 
occurs at the base of each petal a deep-red or purple spoL or  "eye." 
The remainder of the petal is uniform, either yellow in colour or white, 
while .in the two types, 3 and !1, the coloar is red (cf. Plate XXXV). 
The red colouration of the petals in these two types is simply a mani- 
festation of the red sap eolour which is present hroughout he plant. 
It is not characteristic of the petals alone and cannot be dealt with 
exclusively as such. 
According as the factor producing [he yellow colour is present or 
absent, there arises a simple pair of allelomorphic haracters peculiar 
to ~he corolIa, of which the presence of the eolour producing factor 
is dominanL This is shown irt the cross between a type with yellow 
pe~ats and one with white petals. 
The results of such a cross between type 4, with a yellow, and 
type 6, with a white, t~ower are set oat in Table I. 
In the _~ generation of this cross the plants are all yellow, the 
eolour being indistinguishable from the yellow of the parent type & 
The yellow is completely dominant. 
In the/v'~ there occurs a separation i to ~wo groups, yellow-flowered 
and white-flowered. The numbers handled are not large and small 
weight can be a#tached to the ratio of 2'1 yellow to I. white obtained, 
in which the proportion of yellow is considerably below expectation. 
i t  is noteworthy, however, ~n ehis connection that throughout he 
provinces where ~hese #ypes are cultivated, although the crop presents 
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a remarkable range of intermediate types, the white-flowered ~ypes are 
repognisabIy the hardier. On the correlation tha~ apparently exists 
between hardiness and white flower there is, at present, no definRe 
information available btv~ such correlation wouId tend to produce a 
preponderance of whites. 
The :figures for the t~X~ generation are unfortunaSely meagre owing 
to the lane loss (some 90 ~ of young seedIi~ags caused by the early 
continuous nature of the rains in 1909. The figures are too few to 
afford any numerical guide as to the proportion of pure dominants 
among the yellow F~ plants. They indicate, however, that in ~he 2'= 
generation there occur plants of the type 2)1) giving only yellow 
offspring and others of the type Dig which give both yellow and whRe 
offspring. The F~ plants with a white corolla on the o~,her hand give 
whRes only. These results are in entire agreement wRh those recorded 
by Fyson (7) and a comparison of the two series of results gives m'ong 
evidence as to ~he par~ played by vieinism in the ~eld. 
Type 10 is eharacterised by a flower in which the full yeltow of the 
petals of the ~ype previously considered is repIaeed by a pale but 
distinct yellow. This pale yellow behaves as a simple recessive to the 
full yeI[ow. From a cross between this type and type 8 which is 
eharacterised by a full yeliow petal the ~ generation is obtained in 
which the petal is indistinguishable from that of the paren~ type 8, 
the Nil yellow ~hus being completely dominant. In the F~, otlt of 
1.40 plants, 41 possessed the pate yellow corolla giving a ratio of 
2"r pianos with full, to i with pale, yellow petals. Similarly the Nll 
yellow in type 2 appears to be completely dominan~ over the pale 
yellow of type 10 giving, in the if~, plants of which the petal colour 
is indistinguishable from that of the parent type 2, and, in the aV~, 
91 plants with full yellow, and 66 plants with pale yellow, petals. In 
boLh these cases and in the laRer especially there occurs a large excess 
in the actual, over the expected, number of recessives which it is 
necessary to indicate though without fLu'ther comment since, through 
inability ~o cope wRh the entire series of experiments as at first 
planned, a ntlmber of crosses, including those involving type 10, had 
to be abandoned alter the F~ generation had been recorded at~d the 
presence of this excess has not formed the subject of furbher experi- 
ment.. In no case has the pale yellow flowered been crossed with a 
white flowered type. 
It may be here noted that these are the only two cases in which 
complete dominance has been observed in the cottons under consideration. 
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In all other cases, as will subsequently appear, domi~ance is incomplete. 
The fact may be contrasted with the observation of BalLs (1) in another 
group of' cottons in which the impure form is recognisabie as of' a pale 
lemon yellow distinct frora the fldl yellow of the parent. 
3 (5). E/~e ~'ed co~o~.~,n, cj ~a~te~" of the sc~p. 
In ~ypes 3 and ii a red anthoeyanic eolom:ing matter is present in 
tee sap and communicates an intense red to the entire plant~stem, 
leaves and flowers. This colour is especially marked in the young 
chlorophyll bearing tissues, but it is also distinct in s~tch organs as the 
stigma, anther and fl'uit. The young leaves arc of an intense purple 
which t~des, however, as the leaf developes until in the mature leaf, 
only the ribs and veins show the coleuration distinctly, the lamina 
retaining merely a slight, and, in cases, barely distinguishable, colour. 
From the remaining types this eolouring matter is absent and their 
foliage is green, and the petals eRher white or yellow. 
The E~ generation of a cross between either of the types 3 and 
11, and, in fact, any type in which the red eolour occurs, and the 
types in which ~he colour is absent, bears ~ke red cotour which may 
be said to be dominant. The intensity of the red eolour is, however, 
sufficiently diminished to render the cross readily distinguishable from 
fihe parent. 
The F2 generation is readily separable into two sections according 
to the presence or absence of the red eolour. The proportion of 
eoloured individuals to colonrless which has been obtained ~n the 
experiments under review are give~ in Table If. 
Anoint" the eoloured indbiduals, however, there is a considerable 
range of intensity in the red sap. In the foliage this is apparent in 
the extent to which the coleur suffuses the leaves. In the least 
intense form the mid-rib and two main lateral ribs of a young, but 
%lIy expanded, leaf are sufft~sed, and the minor veins and lamina green. 
Further intensification occurs when the larger veins appear as  red lines 
set in ~he green lamina, and finally the whole lamina may be suffused 
as in the red parental type .3. The records of tlais character in its 
relation to foliage character show the colonrs as limited to @) the ribs, 
(b) the veins, or (c) the lamina diffused throughout. While the limRs 
between these three are not very distitxct the division offers a fair 
guide to the purity or reverse of the plant under consideration i  
r~gard to this character. 
Table t I I  (c~) shows that it~ 5 cases out of 66 ~n error was made in 
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over-estimating the intensity of the colour, while in 2 cases only out 
of 1.38 :the error was made in the direction of under-estimation givit~g 
a combined error of approximately I. in 25. In Table I I I (b)  a larger 
e~;ror occurs, the inte~asity of the eolour h~vit~g t~een over:estimated iz~ 
~1. cases out of 63 a.~d under-estimated in 22 cases out of 212: making 
a combi~aed error of' 1 in 10. As a generaIisgtion it may be said the3 
in.the intensity of the colour in the leaf there exists a character by 
means of which it is possible to separate with a fair degree of certainty 
*,he pure dominants of the fbrm DD from the 
form D~. 
The presence of the red factor does not, 
impure domi~ants of the 
however, merely find its 
expression in. the leaf. As has been stated it is universally present 
and is readily identified ha. orgalas devoid of chlorophyll such as the 
petals. Under these circumstances it would seem p~'obabte that the 
intel~siby of the colour would be most readily deter-mined in an oNan 
like the petal where the oolour is not masked. A reference to Table IV 
will show, however, that this is not so. Gradatiota in the case of the 
petals does not occur as one of intensity bat one of area. The petal is 
either entirely red or red with areas, greater or less in extent, situated 
round the eye in which the red eolour is absent.. Such plants, in the 
case of a cross between a red, and a yellow, flowered type have 
been recorded as having ~he petals red o~ ydlo~v. As Table IV(a)  
indicates, among 201 plants, 30 were recorded as having the petals 
fed and the remaining 171 plants as having the pet~,Is red on ys~o~z. 
Actual experiment has, however, shown that in reality 6.3 of the plants 
used as parents were of the form DD. The petal colour,, therefore, 
failed to distinguish between the pure, and impure, forms in 33 cases 
out of 201. This error of approximately 1 in 6 compares very un- 
favourably with the error of 1 in 25, which was obtMned when the 
colour of the leaf was considered. 
Table ]V (b) is derived from the cross between a type with red, and 
one with white petals, and ia it only that section of the F~ genera- 
tion it1 which the d~m~inant yello w occurs has been considered. Ia 
~his exa.mple an error occurs in ~9 out of 196 instances making an 
error of I in 4. In botla cases the error is coi?siderably elalaanced whe~, 
the determination is made on the flower instead of the leaf, In spite 
of the masking effect of the chlorophyll, therefore, the fr~tensity of the 
sap colour is most readily identified in the young leaf and, determined 
in this manner, affords the most accurate guide to the purity, or 
impurity, of the plant with respect to this character. 
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The results detailed in Table I f  may now be expanded ~o include 
greater detail and the group possessing' sap eolour divided according 
to the intensity of i, hat colour. This expansion is effected in Table V. 
Correcting the totals in ehis table as far as subsequent experiment 
renders possible the numbers become, DD 373, D_s 810, ./g~ 886, 
giving a ratio of 1"00:2"17:1'03. The widesL variation from khe 
expected result occurs in the cross between type 2 and type 3. This 
is a cross between two monopodiat I:.ypes, and, for reasons already 
explained, ig has been found avlmosg impossible 5o handle this cross, 
which has not, in consequence, been carried beyond the F~ generation. 
It is impossible, glierefore, to say how far ~he Iaek of the pure dominant 
form is real. It  is noticeable that this lack is assoeiaLed with a large 
proportien of the impure vei~ form and eha~, eonsequently, the deter- 
rainagion fl'om the leaf may not be as accurate as in the cases more 
Nlly investigated. 
In ~he above considerations on the behaviour of the red colouring 
matter in ~t~e sap no distinction has been drawn between the variqus 
types used in which this eolonring matter is absent. It  is necessary 
briefly to consider these ~ypes under awe groups, namely these in which 
the petals are yellow and ~hose in which the petals are white, rt is 
the identical cross made by Najor Trevor Clarke and, as described by 
Watt (20) (page 336), one on which he founded great hopes. These 
experiments of Trevor Clarke are the subject of frequent note in the 
Journal of the Agri-Horticultural Society of India of ~hat date (1867- 
1870), bug no full details have been ~raeeable. A similar cross is referred 
~o by Fletcher (~2). Here again full de~aits are not given but, in as far 
as both red and yellow flowered plan~s appeared in the F~ generation, 
it would appear ~hat he red parent plant was a he~erozygous form. 
if) ~ype 3 • ~ype 6. Type 3 possesses a fnl[ red eolour both in the 
foliage and flower which in type ~ is absent, the foliage of this ~ype 
being consequently green and the pe~als yellow. The cress, which has 
been carried as far as the Fa ge~aeragion, may be taken as an example of 
the case in which the first of these groups is employed. The results 
obtained from this cross are sea out in Table u The numbers 
ob#ained in this series bear a ra~io in close accordance with Mendelian 
expectation and it is eviden~ that in this cross an example of the 
simplest ease occurs, namely thai; i.n wl~ich a single pair of allelomorphic 
characters is concerned. This pair is composed[ of ~he awe factors-- 
presence or absence of the red eolouring matter--the presen~ condition 
possessing partial dominance over ~he absent. This being so, it follows 
that the red parent must possess the yellow factor in. addition to the 
red. That this is so will be seen fi'om an examination both of hhe base 
of the pe~al, which usually exhibits a slight yellow eoloura~ion on the 
exeeraal surfi~zee, and of diseased flowers, iu which the petal almost 
approximates ~o ~he red o~ yeggow condition of the impure cross. 
(ii) Tyy~e 3 x type 9. As fgr as ehe presen~ discussion is concerned 
~his cross differs from the las~ only in the kzet thar one of ehe parents, 
type 9, has a white, instead of a yellow, petal. The cross is of consider- 
able in~eresr because on it have been based the greatest hopes of 
obtaining an improved ootLo~ sui~able to 8he needs of ~he United 
Provinces and the results have consequently been investigated in some 
detail. The present interest, however, does no~ arise tFom this aspect 
bug coneen~s the flower oolour. In the F~ generation the corolla is 
indistinguishable from that of the F~ of the cross previously described 
and is of bhe class which has been above denoted as veal on ydgow, the 
red petal having round ~ha eye a border of greater or less extent of 
yellow. (P1. XXXV.) 
From the self-fertilisa~ion of the /~j generation plants are ob[ained 
Which can by corolla character be divided into four groups :
(1) Corolla red or red on yellow. 
(2) ,, red ozt whi~e. 
(3) ,, yellow. 
(4) , white. 
In addition to the two original, two additional types of oorolla have 
made their appearance. If now, as in the previous cross, the eolour of 
the foliage is taken into consideration six groups become recognisable. 
These are : 
I~lower l~olisge 
(1) eoroi la red co loar  ex~ending ~o lamin~.  P1. X.XXV. 4 
(2) . . . .  on yel low ,~ ,, ,, ve ins .  ,, XXXV.  5 
{3) . . . .  on whi~e . . . . . .  l amina .  ,, XXXV.  6 
(4) . . . .  , . . . . . . .  veins.  , ,  XXXV.  7 
(5) ,, ye l low eolour less.  ,, XXXV.  8 
(8) ,, whi~e . . . .  XXXV,  9 
This behaviour is readily explained on the assumption that ~wo 
pairs of allelomorphie characters are here being dealt with: 
(a) Presence of the red factor which has been shown to be dominan~ 
to abse,~ce of ~he same. 
(b) Presence of the yellow factor which has been shown (p. 213) 
~o be dominaub to absence of the same. 
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The red type 3 possesses the two dominant, and the whi~e type 9 
the two recessive, factors. Denoting these two pairs by the Ietters a~ ~ 
and ]ry, the two parental types will bear the constitution RY  and ~'y, 
and the six groups which have been reeoguised the constitution given 
below with the numerical proportion between the individuals which is 
assigned to each group :
/:/ ............ :};} RRI~y ............ 2 3 
9 
//r lay ............ 4 6 
(a) ~vv  ......... ... : ~a 
(~) ~:v  . . . . . . . . . . . .  .2 J 
:5, ,.~.,y ............ :}  } 
r rYy  . . . . . . . . . . . .  9, ~ a 
(6) r.ryy ............ 1 : 
The plants of the first group can be separated into two subsidiary 
groups, the members forming the one being pure with regard to both 
characters, while those forming ~he other will be pure with regard to 
the red, and impure with, regard tothe yellow, character. Groups (2) 
and (5) ca, n be sinailarly'divided and in all eases/his division wi.ll be 
reeognisable in the offspring. Bow far these, assumptions are borne 
out in experimen~ will be seen from Table VII where the results of 
thiscross are set out in detail. In all cases the expectedgroups have 
been formed and the actual numbers are in close accordance with those 
expected on the above scheme. 
The facts concerning the petal eolo::r and the red anthocyanie 
eolouring matter of the sap are, therefore, fully explained on the 
assumption that two pairs of allelomorphie characters enter into con- 
sideration, 5hose two pairs being composed of the two factors producing" 
the red eolour and the yellow eolour respectively, the preseL~ee of the 
colour producing factor t~eing in both eases the domi:ant, and its 
absence, the recessive, condition. 
Starting with the red and the white flowered type, it has been 
fbund possible no~ only to produce, but to produce irt a state of purl[y, 
two other types, one having a yegova (PL XXXV), and the other a red 
on ~ohife (P1. XXXV), flower. Apart from complications introduced by 
the consideration that one of the parents is a monopodial, la~e flowering 
type, which may be put aside fb.r the moment, the yegZo,~, flowered 
form is recognisable as type 8, and similarly the red on ~ohite flowered 
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form is comparable to type 11., a .type which is fotmd cultivated in the 
P~mjab. 
The. conclusions drawn from the results obtained from the series 
derived fl'om the direct crosses as described above, receive oo~firmaion 
fi'om a seoo~d series obtained from crosses between the F~ generation 
and the parental type. Owing to illness and consequent limitation of 
the working period, it became impossible to complete the records of 
tt~is season and a part of this series had to be abandoned. The some- 
what mesa're records which were obtained are ta~bn[ated in Table VIII. 
The laumber is too small to admi~ of any numerical comparison, the 
character of the offspring can alone be considered. In all cases 
involvhag one pair of characters ~nly, the cross with the dominant 
parent has given only dominant and intermediate forms and that with 
the recessive parent only recessive and intermedia,te forms. In the 
single instance in which two pairs are concerned the cross between 
the intermediate form (RrYy) and the parent possessi~g' both dominant 
characters (RRlzY) has given offspring similar ~o the pure dominant 
(J~I'~YY and ~/~IZy) or to the ~ intermediate (RrIYI 7 and t~rYy), 
While that with the parent possessing both recessive characters has 
given, in addition to the form with both recessive ohm, ratters, three of 
the four reeognisabte intermediate forms, that. with a red (or red on 
yellow) flower and colour extendlng to the veins (RrY=~2), that wieh red 
on white flower and coIour extending to the veins (]gry~2) and that 
with ~ yellow flower (rrgy). These forms are, in all cases, such as 
would be expect@. In the one case where the recessive only has bee~ 
obtained, the number of individuals (~9) is too small to make the 
~bsence of the intermediate form a matter of any moment. 
Before eoneludi~ag this section the cross between type 3 and 
type I0 may be briefly referred to. It has been already shown (p. gig) 
that the pale yellow of type I0 is recessive to the full yellow of types 
and 4, and from the experiments last quoted it is apparent not only 
that a yellow underlies the red in the petal of type 3, but that this 
yelIcw is identical with the Nil yellow of type g. It  would, from this, 
appear probable that the cross between type 3 and type 10 would be 
comparable with ~he cross between the two types 3 and 9 just dis- 
cussed. This expectation is borr~e out in experiment. The planis of 
the ~ generation of this cross are in all their pel:al chars,crete similar 
to those of the cross between type 3 and type 9, ~hat is of the form 
which has been de~o~ed by the ternr red o~ yelgow. It~ the ~ genera- 
~ion four types of pirate as distinguished by their petal eoZour appear: 
220 Studies in lndicm Cotton 
(c 0 Corolla red or red on yellow. 
(b) ,, red on pale yellow. 
(c) ,, yellow. 
(d) ,, pale yellow. 
The number of individuMs occurring ia each group has been ~bnnd 
as follows :
@) 263, (b) 88, (c) 88, (d) 17. Except. for Lhe paucity of the 
individuals in group (d) these numbers agree fairly with the l~[endelian 
ratio of 9 : 3 :: 3 : 1. 
Further the two groups (a) and (b) are capable of subdivision in 
aceordanee with ~he degree to which the red eolouring matter suffuses 
the leaf. Owing, however, to the crosses fl'om type 10 being discarded, 
no NI[ records of this appearance are availo3~le and it can only be noted 
that, to the exten~ of these incomplete records, ~he two crosses between 
types 3 and 9 and between ~bypes .3and 10 are strictly eomparabIe. 
The germ Jec~f factor has been described by ~he auehor in his first 
introduce.cry note t.o Lhe eo6~on work undertaken by him (11). 
Fig. t. 
It is the l~umerieal value obtained by dividing the difference 
between the ~wo measuremenSs c~and b in the accompanying diagram 
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(Fig. 1) by the rneasuren]e~zt e. It is not proposed to enter into a 
detailed discussion as to the significance of the constancy of this factor 
for the-various types of Gossypia. It  may be noted, however, that its 
i.dentification was purely empirical and i~ is not to be taken as an 
absolute figure for each leaf of a plant ; there is a fair range of ftuetua- 
t io~ as would be expeeted in the measurements of any series of 
multiple organs, fn spite of these fluctuations it is a ma~ter of little 
d'ifflculty to recognise what may be termed a "typical " leaf and there 
is a very marked agreement between the leaf factor, as determined 
on such "typical" leaves, of individuals of the same type. 
The degree to which the leaf is incised forms a striking feature of 
the plant and has been adopted fl'eety as a means of classification. 
Todaro (I6) divides the Indian group (subsectio Indies of Gossypia into 
two sections : 
A. Lobi breves, ratione longitudin~s la,tiuseuli. 
B. Folia palmate-partita., lobis aagustis, oblungis, vel elongato- 
Ianceolatis. 
Laramie (9), though he does not accord this character of the leaf a 
primary position in his scheme of elassification~ throughout refers to 
two groups with the leaf lobes either broad or narrow. 
Wa~t (~0) uses the leaf character ~to subdivide the section of 
"Fuzzy seeded cotton with united bracteoles." tie distinguishes three 
groups :
Leaves two-thirds palmately (sometimes almost pedately) 8--7 lobed. 
Leaves half-cut into 3--5 (mostly 3) lobes. 
Leaves less than half-cut into 5 (more rarely 3 or 7) lobes. 
It will be noticed that while these ~hree schemes deal generally 
with the same character there is some difference in detail in the exact 
points involved. Watt simply deals with the degree of incision which 
a 
is, perhaps, most closely given by the ratio ~. 
Todaro's group B, as fully defined~ is distinguished by not only the 
c~ 
factor E but  by the breadth of the lobe, th;~s including the measure- 
merit e, while for his group A he makes use of an expression which is, 
perhaps, the best form of definition that could be found for the author's 
length 
'~leaf actor," Clammie refers simply to the ratio breadth of the lobe, 
which is identical with the leaf factor. 
In a preliminary series, among other measurement determinations, 
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Fig. 2. 
The top ]el# fig[~re is ~ha8 of a broad lobed leai, wi~h leaf fsot,o[" less ~han ~ ; ~he bo~om 
figt~re is ~ha~ of a narrow lobed leaf wi~h leaf factor greMer ~han 3 ; ~he ~op righ~ fign~'e 
show~ all intermediate l af wi~h leaf fact, or 2-5. 
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the ratio ~ was determined for a large series of plants but was found 
to be quite inconstant and useless as a means of identifying types 
which were readily distiL~g<dshable by eye. On the o~her hand in the 
leaf f~ctor an expressiou was fbur~d not only for such differences as are 
of sufficient magnitude to be reeognised by the eye but also fbr such 
as, though definRe and constant, are elusive to the eye and incapable of 
adequate verbal definition. While there is thus found in the leaf factor 
a meai)s of' defil}ing and expressing to a degree of minuteness hitherto 
impossible, what appears to be a unit character of the cotton ieM] it is 
necessary to beware of pressiog it too far. It is physically impossible 
to measure every fully developed leaf aud obtain from such measure- 
ments an average. "Typical" leaves mtlst be selected and in such 
selection the door is opened for the introduction of a considerable 
personal element. In the experiments recorded determinations have 
been made on at least two such " typical" leaves'fi'om each plant and 
the average between the ~wo values so obtained is taken as the leaf 
f~ctor of :the individual. 
]~efore dealing- with this character in detail therefore bo~h the 
magnitude of the  error met with in these determinations and the 
exact meanh~g to Joe ascribed to the term "typical"  require brief 
consideration. 
It is clear that a larger experimental error is to be expected in the 
leaf factor of types with narrow lobed, than those .with broad lobed, 
leaves. In the latter case the three measuremepts employed in the 
calculation are all large and errors of measurement proportior~ately 
small. In the former case, on the other hand, the divisor e is small 
and the errors proportionately large. The experimental error, co~a- 
sequently, increases as the value of the leaf factor rises. When this 
value f~ils below 2 the error, wl~ieh is accepted, is normally less than 
0'15 from the mean (giving a total rm~ge of 0.3) and, when this value 
lies above 3, this error may reach 0'3 (with a total range of 0"6). 
These figures indicate the extreme variation met with. Where the 
error exceeds this amount duplicate determinations have been made. 
The reeognR%n of this leaf [)actor was, as has been stated, in the 
first place purely empirical attd resulted fi'om an a~tempt to find some 
method of denoting by symbols the differet~ces between the various 
characteristic shapes of the cotton leaf. In the selection of leaves 
used in the determinations certain precautions were found to be 
necessary and were consequently adopted. That such precautions were 
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necessary receives recognition in the use of the word " typical." These 
precautions require examination since, in a purely arbitrary deter- 
ruination of this nature, some control is required to ensure that the 
restrictions imposed by their use are not of a nature to render valueless 
the fignres so obtained. Bach a check has been found in the measure- 
ment of the leaves of one individual of each of the several pure 
types isolated, only ~he earliesL leaves of the main s~em and the 
diminutive leaves a~ the base of each branch being excluded. These 
measurements were made a~ intervals of about a week throughout 
the season, each leaf being thus measured as it became fully expanded. 
The results of one such determination i  the case of a plant of type 5 
are set out in Table IX. For the purpose of their understanding the 
leaves may be grouped into fbur sets: 
(1) Leaves borne on the main stem. 
(9 , )  . . . .  monopodiat seconds W branches. 
(3) . . . .  tertiary branches. 
(40 . . . .  sympodial secnnda W branches. 
It wilI be no,iced that the monopodia{ seconds W branches alone 
bear tertiary branches which are almost invariably sympodial. The 
values obtained for the average leaf t%otor of these four groups are 
respectively : 
(].) I'82, (2) i'8~, (3) I'73, (4) :t'72. 
I6 will be noticed that the leaf factor of the leaves borne on the 
monopodi% is definitely larger than that of ~he leaves berne on the 
sym]podia whether these be seconds W or tertiary branches. The value 
of the leaf factor as determined for the leaves arising from the mon0: 
podia, differs by between 0'06 and 0"0'4 from the value obtained by 
the empirical method of selection of '" typical" leaves. This error lies 
weI1 within ~he Iimits of the experimenOal error as defined above. The 
" typ ica l  " leaf, therefore, may be defined as that leaf which possesses a 
factor having a value equal to the average of the ~ae~ors of all leaves 
arising fi'om the monopodial branches. It is not, as was anticipated 
when the author's earliest note ( t l )  was published, the average of the 
factors of all the fully developed leaves. This resul~ is in pert'net accord 
with the main precaution which on empi~'ical grounds it has been foand 
advisable to take, n~mely, to select leaves from the monopedia. It  is 
these leaves that the eye natural]y selects as being typical of the plant. 
Ig is perhaps unnecessary ~e detail more than one further precaution 
which it has been found advisable to adopt. This is to avoid the 
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determination of the value e where an accessory notch (side Fig. 1, 
p, 220) occurs in the re-entrant angle at the base of the m~in lobe. 
~uch precautions are obviously necessary and cannot affect the value 
of the leaf f:~etor as a definite character. 
The determination of the leaf Factor for many thousands of plants 
has brought one remarkable feature into prominence. While every 
value has been obtained ibr ~he leaf Factor from 1 ("broad" lobed) 
to ,5 ("narrow" lobed) no case has been observed in which a plant 
with intermediate value (between 2 and 3) for the leaf factor breeds 
true [o this character. All pare plan{s, and consequently alI ~ypes, are 
divisible into two distinct groups :
(1) With a leaf fhctor less than g. 
(9,) . . . .  greater than & 
Within the limits t ~o ~ occur all 3he "broad" lobed types, while 
within the limits 3 to 5 occur all the "narrow" !obed types ~. 
'l~he accuracy of the expression--that is, the measure of agreement 
between different individuals of one type--is such that it is possible 
to reeognise within, and isotage from, a type, otherwise pure, races 
separable only by the leaf factor. I~ seems probable that the existence 
of such "pure lines," ~.o use Johannsen's term (10), is a phenomenon of 
general occurrence throughout this series of Gossypia and in some of 
~he Vpes such forms have been isolated. Tht~s within type 4 occur 
three "pure lines" with leaf factors of 1'.37, 1'46 and 1"64~ which have 
been isolated, and fi'om type 9 "pure lines" with leaf factors of 3"34 
and 3'59 which have similarly been isolated. Opportunity has not been 
forthcoming for treating this question in the detail it deserves and ig 
seems probable that with a mere detailed examination the number 
might be considerably increased. Indications of the existence of such 
"pure lines" are apparent in Table X. 
The ~ehctwio,~r of ~he ~ectf fac~or ~ohe~ erossiny ocr 
When a plant with ie~f faceor less than 2 is crossed with ~ plant 
with the ]ear factor grea~er than 3 the leaf faetor of the plants of the 
/'i generation is found to approximate to {,he mean of the awe parental 
leaf f~etors. %~b]e XI  illustrates this point. At the time %he crosses 
were made t.he character had not been identified and the figures given 
In  the fields pl~n~s are freqt~en~ty fonnd wi~h a leaf' f~e~or less ~h~n ,~ and. g~ea~e~ 
~han 2, and on this  fact among other8 t~he ~nthor h~s b~secl his  views on ~he oeeurrene~ 
of e~dss-fer~ilisa~ion un~ler natural cond-i~io~ (ii). 
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for the parental eaf factors are not those of the actual p~nt but 
the average of the type as given by the offspring (produced by self 
fertilisatioa) in the two subsequent generations. In  two cases only is 
the variation from the parm~tal mean a~ all marked and in both these 
this difference is not shown by the reciprocal. 
In the F~ generation a continuous eries of forms is produced in 
which every w, lue of leaf factor between the parentM limits is obtained. 
Diagram 1 illustrates one such case and is derived from the series give~a 
iri TabIe XIII (b). It is here noticeable that, while the series appears 
continuous, in thai every vaIue of leaf ~gctor (witifia the limits imposed 
by the experimental error) occur, the number of individuals is by no 
means regularIy distributed throughout the series--in other words, the 
frequency of each class exhibits marked variation. The curve is, in 
fact, multimodal (Davenpm%(G)) and possesses three modes. Tt~e posi- 
tion and value of these modes are instructive. While ~he vMues of 
the outer modes differ but slightly from the values of the two parental 
leaf factors, ~he va{ue of the intermediate mode shows a fair degree of 
approximation to the vaIue of the mean between the leaf Nctors of the 
two parental types. The proportion between the number of individuals 
grouping themselves about these three points is 1:2'9~:1-. The 
curve retains i~s trimodal nature, if for the actual values obtained by 
direct measurement of ~he leaves of individual plants--the values 
here given--the mean value of the leaf factor of the 27' a offspring be 
substituted. 
A similar curve has with one exception been obtained in every case 
submitted to a critical examination. In this instance, the cross between 
type 2 and type 3, there is no trace of a multimodal curve and the 
ratio between the number of individuals in each group (Table XI[I @)) 
diverges markedly fi'om that obtained in the instance given above. 
Lack of opportunity and the difficulty of handIiug a cross between two 
monopodial Vpes have rendered it impossible go continue investigation 
into the behaviour of this cross and for the present it must remain 
undecided whether, on further examination, this too wiII tb.ll itlto l{ne 
with the example more fully investigated or whe~ber a different series 
of phenomena is here instanced. 
So Nr the results have been described in outiine oMy , and as 
a elose examination of the tables will show, are only approximate. 
Complete agreement is, perhaps, hardl_y to be expected in dealing with 
a character which, as has been already shown, cannot be measured 
with absolute accuracy. It will be observed that the modal vaIues of 
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the leaf factor in all cases exceed the corresponding p~rentai or me~m 
parental value, the excess beit~g practically identical (0"81, 0'85 and 
0"88) in the ~hree cases. This excess, though sm~ll, appears definite 
but has so }at received no explanation. 
.F~ 
_.,v~ 
11 16 "31 86 41 
Parents 
A 
1 
21 26 
Type 4 x Type 8 
Diagram 1. 
In one case only has each plant of the _Y. generation been self- 
f6rdlised and the ~ generation raised from the seed so obbak?ed. The 
resutts are set out in Table XIV. In this bable the extreme and 
~ourn. of @en, I 16 
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intermediate groups are given in a eondm~sed form so thfi.b the offspring 
of al! plants, the average leaf factor of whose offspring differs by 0't0 or 
less, are grouped together. Full detaiIs of individual plants are only 
given at the two points where the change from the pure to the impure 
tbrm takes place. It will be seen fi'om this table that a marked 
difference xists in Lhe behaviour of the individuals belonging to the 
three groups into which the F~. parents M1. The offspring of those 
E~ individuals of which bhe leaf factor was less than 2 have, with few 
individual exceptions, a leaf factor which is less than 2. In the same 
manner the offspring of plants with the leaf factor greater than 3'2 
have a leaf Netor which is greater than "3. As wilI be seen from the 
table the exceptions are relatively few and it may be said in general 
terms tha~ the individuals of the two groups, having the leaf factor less 
than 2 and greater than 3"2 respectively, are pure with regard to this 
eharacten The do3ted vertical lines in the Table drawn between the 
columns representing the values 2"1 sad 2"2, and between ~hose repre- 
senting the values 2"8 and 2'9, indicate the limits of experimental error 
recognised in the two groups. It will be noticed tha~ in 5 only out 
of 1283 cases the limiting value of 2"1 is exceeded and in 7 ou~ of 
127~ eases the limiting value of 2'9 is not reached. These exceptions 
will form the subject of Nr~her investigation. It is, of course, possible 
that these plan~s have been introduced by.accident. Nothing, however, 
in the Nrther examination of these individuals lends support to this 
vie W. 
The third group, which is charaeterised by the intermediate value 
of the leaf factor, is not, like ~he previous groups, pure in this respect. 
Such plan~s ha~e invariably given offspring which, as a group, exhibi~ 
the entire range of values obtained for the leaf factor. It will be noted 
that, though this variabili V exists, the average value of the leaf factor 
of the ~ generation from this intermediate group differs but slightly 
from the mean of the two parental values and hrther that the number 
of individuals comprising the three groups are in almost complete 
accordance with Nendelian expectation (1:2'0~ : 1), while the mean 
values of leaf factors for the three groups taken severally show but 
slight varia6ion from 6he values obtained for the corresponding groups 
of the F~ generation. 
It is impossible to avoid being impressed by the similarity which 
exists between ~hese resuIts and the more typical examples of 
Nendelian phenomena. 
It has frequently been pointed oug (vide Bateson (3), p: 53) thgt 
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dominance, which formed so striking a characteristic of the earlier 
experiments on these lines, holds no position of' fundamental importance 
in Mendel's own statement of his law. In the present instance Lhere is 
complete absence of dominance and the diree~ offspring of a cross are 
as markedly distinct from one, aS they are from the Other, pt~rent. 
It is possible, however, ~o discern more than this. The two factors 
appear capable.of blending in any proporeion, and there thus appear 
a continuous eries of forms showing all stages from the typical broad 
lobed individual, with a leaf factor less than 2, to the typical narrow 
lobed individual with ~he leaf factor greater than 3. Owing, however, 
to some infJuence, of which, as yet, nothing is maders~ood, these various 
degrees of blending do not occur wi~h eclual frequency. This is greatest 
at the point represented by a blending of equal proporhions of the two 
factors and becomes tess and less as this proportion becomes unequal, 
but increases again when the proportion of one or o th~r of Lhe factors 
is reduced to a negligible quantity or is entirely absent. 
This capacity of blending in nneciual proportions is further shown 
by a comparison between the value of ~he leaf" f~etor of the Na parent 
with the mean value of that of the F3 offspring. This comparison is 
given in the three last columns of Table XIV. The difference between 
these two values for the .whole aeries is 0"07, a figure welI within the 
limit of experimental error, which is, however, in a few individual cases 
exceeded. I~ may be generally stated, therefore, that the value of the 
parental eaf factor is the mean of the values for the offspring. Con- 
sequently, when uneclual blending occurs in any plant, the number of 
offspring falling within ~he group whose leaf factor enters in greatest 
proportion into the blending wilI exceed the number of offspring which 
fall within the other group. In other words the ratio of the offspring 
having a leaf factor less than 2 to offspring having a leaf factor greater 
than 3 will increase as the parental eaf factor diminishes from the 
mean value of 2'6 and will conversely diminish as the parental eaf 
factor increases from this mean. That this is the case the detail 
columns of Table XIV clearly show. 
It  is now necessary to glance for a momen~ a~ the lower limit of ~he 
"narrow" lobed group. Ig has been stated that this limit is 3'0, a 
figure which has, with o~e exception, been adopted in Table XI. 
I-~eference to Table ~2IV, however, will show that the lower limit %r 
the pure forms with narrow lobed leaves is 3"2--a figure which exceeds 
the 7alue of the corresponding parental leaf Netor. In this connection 
it is noteworthy that a value of 3'5 is throughout obtained for ~he 
16--9. 
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mean leaf factor of this group. It is possible that this figure, 3"52, 
more  accurately represents the true value of the narrow lobed parent 
than ~hat actually obtained by experiments (3'13). This latter figure 
is based on six determinations only and it is a matter for regret that 
more determinations were not possible. No~ only, as has already been 
remarked, is Vpe 3 difficult to handle, owing to its monopodial habit, 
but i~ has been found to be in a marked degree self-seerite. In the first 
generation only six planSs were obtained by self-fertilisation, while in 
~he seeondl numerous attempts were nil unsuccessNl: ?vYhile, therefore, 
~he value 3"13 has been adopted in these calculations i5 must be noted 
that this value is extremely low for the ~ype 3 as determined on a set 
of pure, but unreta~ed, plants of this type. Acceptation of the figure 
3"52 as more nearly representing the true parental value, while 
accounting in full for the difference of "38 found between the value 
of the narrow lobed parent and that of the corresponding ~ group, 
accounts only partially for the difference of 0'35 between that of the 
parental mean and of the intermediate group, and fain entirely in the 
ease of the difference of 0'31 between the broad lobed parent and i~s 
corresponding F~ group. These differences must for the present remain 
without explanation. 
The few cases in which the s generation has been crossed with bhe 
parent types are given in Diagrams 1 and 2. In all cases the F~ 
intermediate, when crossed by the broad lobed parent, has given only 
intermediaee and broad lobed offspring and, when crossed by the narrow 
lobed parent, only intermediate and narrow lobed offspring. The 
number of intermediates is far too small for any value to be at~aehei:t to
comparison of their relative numbers and of ~he mean value of leaf 
factor. It is impossible, therefore, to draw any further conclusion than 
that, within the limits imposed by their paucity, these figures are in 
complete accord wi~h th~ expectation based on the conclusions derived 
from the direct series. 
3 (d). The type of branching and ~he ~ength of the 
vegetative period. 
The differences which exist in the form of the secondary branches 
~nd in the length of the vegetative period between the various types 
under consideration have been briefly noLed above (p. ~09). The 
intimate connection which has been found ~o exist between these two 
characters in ~he Indian cottons has already been pointed ou~ by ~he 
anther in Part 2 of his introductory note (12). tn a still earlier 
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publication Balls (1) foreshadows a similar interrelation between the 
type of secondary branching and the length of the vegetative period 
in the Egyptian anr American upland ~. 
Since the publication of the note referred to, a most interesting 
communication fl'om & V. Thompson to the Agri-Horticulturat Society 
of India has been met with in the Journal of that Society for the year 
18~1, in which ~;he intimage relation between the type of branching 
and date of flowering is clearly indicated. In this communication he 
states : 
"The cultivated varieties of cotton I find may be divided into two 
classes, viz. early and late kinds; this precocity or tardiness being 
inherent in the particular variety, and derived from a peculiarity 
hRherto unnoticed, and which it will not be diNc~llt to explain. It 
may be observed that all the varieties have a natural tendency to 
produce a central main s~em fm'nished with a leaf at intervals of a few 
inches ; in the axillae of each leaf~stalk resides a loa~r of germs or buds, 
placed in the same plane or side by side ; one of these germs is destined 
to produce flowers only, the other only branches. In the eafgy kinds 
the former or flowering branches alone are developed, while the Zate 
kinds expend their force exclusively in the production of muttipIying 
branches. This peculiarity mus~ for ever unfit these late kinds for a 
cold climate, such as Northern India." For the full communication, 
which is of some length, the reader is referred to the original source (i8). 
Sufficient has been quoted, however, to show how fully the importance 
of the con~eetion between the branching habit and the length of the 
vegetative period had thus early been recognised. The importance of 
two axillary bride, which is also indicated, has previously been dealt 
with by the author (12) in a preliminary note but has no concern with 
the experiments now under treatment. 
It has already been noted, when defining the ~ypes which have 
been employed in ~hese xperiments, tha~ the Indian cottons fall into 
two well-defined groups, those in which the secondary branches are 
always, 9 r nearly always, mo~opodia, nd those in which the secondary 
branches are always, or nearly always, sympodia. /ks long as observation 
t Since ~he ~bove was written Balls. 147 and 155 Bureau of Pl~n~ Industry, U.S. 
Departmen~ of Agriculture have been received. In ~hese 'the authors dr~w aRention 
to ~hls s~me point. According to ~hem, however, ~his character is induced to vary in the 
types investigated by them as ~ eonsecluencc of change in cnvlronment. This ~nd other 
differences in ~he me~hod of branching be#wren ~he observations of these investigators 
~nd ~hose of .~he au~hor are no~ concerned wi~h ~he sub~ect ma~er  of this 10aper ~nd 
rnus[ be left for consideration at a s~bseciuen~ period. 
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is limited to pure types these two groups are readily distinguished. 
When, however, the progeny of crosses between types belonging to 
these two groups come go be considered, every gradation between the 
two extreme forms is l bund and it becomes a matter of extreme 
difficuIty in individual cases go define the degree of approximation to 
one or the other extreme type. In such intermediate plants the 
passage from one type of secondary branching- Co the other is usually 
abrupt, the earlier branches being monopodia nd the Inter sympodia, 
It is, bherefm'e, possible to divide the main arena into two portions, 
a lower portion in which the branches are monopodia nd an upper 
portion in which the branches are sympodia. The character can then 
be convenientIy expressed as ~he percentage of the entire stem bearing 
monopodial branches. Expressed in these germs a pure monopodial 
~ype is indicated by the number 100 and a pure sympodial Vpe by 
the number 0. It has already been stated ~hat no pure type has been 
~sola~ed which invariably produces ympodial secondary branches only. 
A few monopodial branches may in sit eases occur at the base of the 
pNmary stem. It is convenient, herefore; to denote these also by the 
symbol 0 which indicates all such sympodial types as have been found 
to breed true. In like manner the symbol 100 may be used to denote 
cases in which a few of the most apical branches are sympodial. In 
the earlier experimeneal stages i~ was considered sufScient to recognise 
.four divisions o~ly: 
(1) The full monopodial type indicated by 100. 
(2) Approximately three-quarters of the secondary branches mono- 
podial, indicated by the symbol 75. 
(3) Approximately one-half of the secondary branches monopodiab 
indicated by the symbol 50. 
(~) The sympodial type indicated by the symbol 0. Recently the 
separate forms have been recorded in greater de~ail by which the 
fraction, recorded in ~enths, of ~he main stem bearing monopodial 
secondary branches is used as a basis for division. By this method 
10 groups are formed, the relation of which to the four groups given 
above is shown below. 
I00 [5 50 0 
i00 90 80 70 60 50 ~0 30 20 i0 0 
In this nogas the figures XO0 and 0 apply respectively only to 
individuals ~n which sympodial and monopodial secondary branches 
are entirely absent. 
H. ~[ .  L~I<E 233 
It is clear that this system of record, though the best that has been 
devised, is subject to considersble disadvantage. It is, at the best, 
approximate and moreover the determination is only possible when the 
ms{n stem has received no check to growth. In pr~tetiee this continued 
growth of the main stem is rendered a fact of comparatively infrequent 
occurrence from the climactic onditions prevalent at the early stages of 
growth. These conditions ~avour insect life of nil kinds and the larval 
stage of Nr sp. is commonly met with on the cotton plants. This 
pest penetrates the young stem st the leaf axil and from this poinf 
bores its way downwards. The stem so sttacked withers and growth is 
continued by an enhanced evelopment of the secondary branches. In 
such cases it becomes difficult and fi'equently impossible to determine 
this character even approximstely. 
The length of the ~egetative period is mos~ readily expressed in the 
number of days from the date of sowing to the appearance 0f the first 
flower. Unlike the previous character this lends itself to accurate 
record. The fields are visited daily and the plan~s in flower for the 
first time noted. Yet numerous ubsidiary influences are here found to 
affect the date of production of the first flower and render the figure, 
though accurate in itself, only approximately accurate as ah indication 
of a definite individual character. The more important of these 
influences may be here referred to. 
In the first place, there has been found s considerable seasonal 
variation; that is, a considerable difference in the length of the 
vegetative period of a pure type from one year to another. Hence 
the figures obtained for one year only are strictly comparable and it 
is possible to compare the results of two or more years by introducing 
a seasonal factor by the addition (or subtraction) of which the results 
of any two years are rendered comparable. This is illustrated in the 
column of Table 2~V for the years 1907 and 1908. 
In the second place the length of the vegetative period is matmiatly 
influenced by the method of cultivation. Two methods have been 
employed in the course of these experiments. In the first the seed is 
sown in pots and the young plants, when a month to six weeks old, 
planted out. In ~he second the seed is sown in the ground shout 
a month after the sewings in pots have been effected. Here only 
indirect comparison is possible and the either of such variation in the 
method of cultivation is shown by a comparison between the third and 
the firs~ two columns of Table XV. 
Unfortunately no records are available by which the direct influence 
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of the method of cultivation may be calculated, for in no case has the 
same type been grown by both methods in a single season. In 1907 
and 1908 all the pure types were an'own in pots, while in 1909 they 
were sown in the field. To obtain a comparison between the two 
methods of cultivation it is neeess~ry to resort to an indirect method 
based on the crosses. In 1908 the entire F~ generation obtained fi'om 
the crosses was raised in pots while of/~he seed of these plants only 
that of which a small amount was available was, in ].909, sown in pots, 
the remainder being sown in the field. In Table XVI is given the 
result of the comparison Between the length of the vegetative period of 
the offspring of plants having a similar period when these offspring are 
grown under ~he two conditions. The difference due to the method of 
cultivation varies from a minimum of 21 days to ~ maximum of 31 days 
and, generally speaking, the grea~er ~he length of the vegetative period 
the greater will be this difference. 
A similar result is reached from a comparison of Tables XVI I I - -  
XXI. Tables XVIII and XX are based on the pot series and involve 
only the seasonal difference between the two years 1908 and 1909, 
which is feared to be five and three days respectiveiy. In Tables XIX 
~nd XXI, based on the field series, in addition to this seasonaI differ- 
ence there also occurs the difference due to the method of cultivation, 
~nd the combined differences are in the two cases 31 and 28. By 
subtraction the average difference due to method of cultivation alone is 
found to be in ~he one ease 26, and in the other 25 days. 
From the above i~ is noticeable tha~ the difference in length of the 
vegetative period due ~o the method of cultivation is Nirl2 constant for 
all types, increasing only slightly with the increase of wha~ may be 
termed the standard vegetative period of the pinna. The seasonal 
difference, on the other hand, depends in considerable measure on ~he 
type, being less for early flowering than for late flowering types. While, 
therefore, it is possible to reduce two series, differing onty in the 
method of cultivation, to one standard, this is not possible when a 
seasonal difference enters into eousideration. 
In addition to these two main causes, which, it wilt be noticed, 
affect he entire series, the length of the vegetative period of individual 
plan~s may be influenced through several minor causes and ~he actual 
figures, though accurate in themselves, are ~hus rendered only approxi- 
mate as a record[ of ~he standard length. Thus in a few cases the 
young flower buds have been obseryed to fall without opening (~ide 
note to Table XYII) and an abnormally ong vegetative period has bees 
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the consequence. Again, dwarfing arises through numerous causes and 
leads to delay in the production of the first flowers. In one case plants 
of a monopodial type, with a normal vegetative period of over 200 days, 
commetrced flowering within 100 days from the date of sowing and 
before they had been plan~ed out. All cases where any such abno> 
malRy is apparent have been omitted from the following records. 
TAt inte~'mk~ion between the aype of beanehiny a~zd the leng6~ of 
t/~e veyeac~ive p riod. 
The 8wo characters just dealt with are mutually dependent. A 
plan~ of the sympodial type will commence flowering shortly after the 
secondary branches have developed, while a plant of the monopodial 
type will not flower until the tertiary branches develope. This lengthen- 
ing of the vegetative period is shown in Table XV, in which the teDgth 
of the vegetative period of some of the more important ypes are 
recorded. The interdependence b comes till more marked when a 
continuous series, such as is obtained in the _/~ and subsequent genera- 
tions of a cross, is considered. For this purpose the plants may be 
associated into groups in which the length of their vegetative periods is 
similar, each group being formed by the plants which flower during a 
ten-day interval. This me~hod has been adopted for the aeries derived 
from the I'2 generation of the crosses Between types 3 and 4 and 
between Vpes 3 and 9, and the resut~s are recorded in Table XgI I  
(ef. author's note). The figure given opposite each ten-day interval 
indicates the average ~ype of branching occurring in plants falling 
within that interval and is obtained by adding the numbers indicative 
of the type of branchkig of each plant (100, 75, 50 or 0) and dividing 
by the total number of ptants. 
Tables XXII--XXV show the same interrelation i the P~ series only 
in a slightly different and more detailed manner, the ten stages latterly 
recognised in the type of branching as above described, and two- and 
five-day intervals being respectively substituted for ~he four s~ages and 
the ten-day intervals. The closeness of the interrelation is given by 
the eoe~cient of correlation (Davenport (6)). This has been worked 
out for the series given in Table XXIV and found to be '6819. 
This interrelation, or correlation, is, therefore, a definRe fact depen- 
dent on the limitation of the flower-producing habit to the sympodial 
branches. What appear to be two characters are merely two otr~ward 
expressions of the same s~ruetural peculiarity. In other words a 
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definite reason exists for the correlation between these two measurable 
and apparently distinct characters, and it is permissible to select ~he 
one that appears to be more reliable for the purpose of recording the 
habit of the plants under consideration. 
While in neither case has an. accurate method of record been 
obtainable, the date of appearance of the first flower is at once more 
readily determined a~d obtainable in a larger number of instances. 
The measure of the length of the vegetative period, ~herefore, probably 
affords a means of indicating the habit of the plant which is more 
accurate than the direct record of the percentage of monopodiM second- 
ary branches, and has been adopted to record ~he behaviour of this 
character when plants of the two gronps are intererossed. 
2~he habit of the offs2o~ng frown a cross between ~onopodiag a~zd 
sy~podia~ types. 
In the F~ generation derived from a cross between aplant belonging 
to a mcnopodiaI and one belonging to a sympedial type, ihe length of 
~he vegetative period is intermediate between those of the two parentM 
tjvpes. This is shown by Table XXVI in which the relative lengths of 
the vegetative periods of the F~ generation and of the ~wo parental 
types are detailed. This table further shows that while the F~ genera- 
tion is intermediate in ~his respect, it does not hold a position 
corresponding to the mean of the two parental values but in all cases 
approaches the sympodiM type. In this table the seasonal variation is 
eliminated by comparison of the ff'~ generation with the offspring of ~he 
paren~ plau~s. 
In the ~2 generation the plants form a continuous eries in which 
every stage from early flowering to late flowering forms occurs. It  is 
noticeable, however, that while [.hose individuals of the tV'_~ series which 
have the shortest vegetative period are in flower as soon as, or even 
before, ~he plants of the parental type, in no case does the vegetative 
period eclual in length tha~ of the monopodial parental type. In other 
word% while the NII sympodial type appears comparatively fi'equent[y 
the NIl monopodial type only rarely does so. The divergence from the 
mean length of the pareacaI vegetative periods noticed in the F~ gene- 
ration is here even more marked. 
Diagram 2 illustrates these results for a single instance of a cross 
between a monopodiai and a sympodial type. Owing ~o the seasonal 
variation above noted it is impossible to compare the periods for 
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successive generations directly, and each musg be compared with the 
values tbr bhe pa.reutal series grown iu tl~e corresponding season. It  is 
hnpossible here bo distinguish more than oue mode; there is no trace 
E21909 
Parents 
1909 
~1 1908 
1908 7O uo 90 100 110 "fs 180 140 150 160 170 t80 190 200 210 2[20 
Type 8 x Ty?e 10 
Diagram ~. 
of a curve of frequency wi[h three modes such as was found in the 
Case of ~he leaf factor, nor has any insbanee of such a curve been 
obtained for the character under consideration. 
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In the present instance there appears to exist an example o f  partia~ 
dominance combined with incomplete resolution of the component factors 
ia the subsequent generations. It  must, however, be admitLed that the 
e:~perimen~al error is undetermined and, fi'om a consideration ef Tables 
XVItI--~XXI% this would appear be be considerable in comparison with 
the magnitudes nnder measurement, and sufficiently large to render 
the character ill adapted to such analysis as has been attempted. The 
impossibility of determining ~his error was in itself sufficient eo render 
the advisability of attacking this ctues~ion as a purely theoretical 
problem exceedingly doubeN1. The behaviour of this character is, 
however, a matter of vital practical importance. As has-been stated, it 
is essential tha~ a plant should be of the sympodia[ type if its culLiva- 
tion in the United Provinces is to be a commercial success. At the 
same time ~he majori V of Indian cottons wi~h a really valuable seap[e 
belong to ~he group of monopodial types. The chief hope of improve- 
ment of the cotton crop in the United Provinces, 6herefore, has been 
based on the isolation of pure sympodial forms with the staple of the 
monepedial hype. 
3 (e). :the leaf glc~nds. 
There fi'equently occur on the under surface of the leaf one to 
three (and rarely four) glands. When there is a singIe gland it is 
situated en the midrib a short distance frem the point where this 
leaves the petiole, ta addition to this gland, two more gIands may 
occur similarly situated but on the two main lateral veins--glving 
three glands in all. The stage in which only one of these laterally 
situated glands dev~lopes i commonly met with. In one or two cases 
only have four glands been observed and in aII such cases the addD 
tiona[ gland is situated on the midrib. It is not a condigien which 
enters into the course of these experiments. 
The number of glands is definite and as a leaf character lends itself 
to ready determination. But the Ieaf is a multipIe organ of the plant 
and it becomes possible for a plant te possess leaves differing i~ the 
number of their glands. Difficulty arises in this ease similar to that 
met with in the leaf Nctor, and such as of necessity arises when the 
1 Of these tablea No. XVKI only is given in expense, The ~ubsequen~ T bles 
XIX--XXI are abbreviated and give the combined etMls ~or those plants the average 
dates of flowering of ~vhose offsprlng fall into successive five-day periods. Thdse three 
tables, in ~heir expanded form., agree in M1 particulars with Table Xu 
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character of a multiple organ is employed as a plant character, owing 
to the character, definite fbr the organ, being indefinite for the plant, 
It is possible, however, to recognise two distinct forms in which the 
leaves are either all eglandular or all glandular. It is true that an 
intermediate cm~cli~ion has rarely been observed in which a few of the 
leaves may bear a minute and rt~dimentary gland. The condition is, 
however, extremely rare arm though the plant would on direct observa- 
tion usually be entered as eglandutar its true character will be identified 
through the occurrence of glandular offspring on sel~z~g. 
I,f plants belonging' to a singIe type and bearing glandular leaves 
be arranged in series according to the proportion of leaves bearing I, 9, 
or 3 glands, the series will be practically continuous. Nevertheless it
has been found possible to reeogmise three fairly distinct stages which 
have received the following notation : 
(1) Gtands 1 ; in which all or nearly ali the leaves bear a single 
gland. 
(2) Glands 1--3; in which ~he majority of the leaves bear one 
gland but those of the main stem and possibly one or two of those of 
the monopodial branches be~r three glands. 
(3) Glands 3--1; in which the majority of the leaves, including 
M1 those of the main stem and monopodial branches, bear three glands. 
A few leaves of the sympodial branches may also bear three glands. 
It has been found possible to isolate and grow in a state of purity 
forms in which the leaves are egtandular and forms which fall withi~ 
~he third stage as given above. Plants with the leaf glands 1--8 on 
the other hand have invariably given mixed offspring ~. 
There remains for consideration the second stage in which the 
leaves have a single gland only. This too may occur as an intermediate 
condition between the egIandular form and that with glands 3--1, and 
in such cases does no~ breed true. It appears probable, however, that 
it may also occur as a pure form. Within the author's experience 
plants of type 9_. have invariably leaves with one gland, but, for reasons 
already given, this type has not been very fully investigated and, 
perhaps, to an extent hardly sumcien~ to justify the s~atement that one 
leaf gland is characteristic of the type though ~here can be little doubt 
that a pure form of type 9, so charac~erised does exist. This pure 
form with a single leaf gland does no~ enter further into the present 
1 The ~wo cases no~ed in T~ble xg l I I  form apparent exceptions to ~his s~a~emen~ bu~ 
mns~, in the absence of fur~her evident% be considered as extreme instances of divergence 
from ~he expected ratio. 
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experiments in which the 1-gland stage wilt be grouped with the 1--3 
stage to form one intermediate group. 
Excluding types 1--3 and 11, in all. the remaining ~ypes two forms 
have been isolated which are eharac~erised respectively by the absence 
of leaf glands and by the presence of these glands in the 8--1 stage, 
and both these forms have been pure bred, In type 1 the three forms 
have all been observed ba~ their purity or the reverse has not been 
tested by experiment; type 2 has already been dealt with; in type 3 
the 3--1 gland form has alone been met with, while of type 11, though 
the 3--1 form has similarly been the sole one observed, it is impos- 
sible ~o speak with much certainty since the plan~s on which the 
observations have been made are all derived if'ore a single source. 
In ~he cross between type 3 and type ~ to which reference has 
already been made an %landular ibrm of Vpe '4 was used as parent. 
This cross, ~herefbre, illustrates the behaviour of this glan d character 
under the influence of eross-fer~ilisation and the resul~s are set out in 
Tables XXVII and XXVIII. In the /71 generation the plan~s are 
nniformly of ~he intermediate form (glands 1--3) while in the P~ 
generation th e two parental forms reappear, ig will be observed from 
Table XXVII that while the ratio between the eglandular and glandular 
forms agrees elosely with ~he expectation there occurs among the 
glandular fbrms a large excess of tha~ with the glands 3--1 and Che 
same is found to hold among the/~.~ offspring of the impure P= parents 
(Table XXVI I~ lass two columns). 
That this excess is due to the classification of certain intermediate 
forms as pure 8--1 forms is proved by ~he fact that 52 individuals 
which had been so charaeterised were ~bund to be in reality impure. 
The P~ plants must in fac~ be considered as forming continuous eries 
from the pure eglanduIar form to the pure glandular 8--1 form though, 
from the very nature of the ease, the former is more readily identified 
~han the iatter. It  has been seen that plants with a single leaf gland 
occur; and, if the 1--8 s~age be considered as the fuII intermediate, 
this stage must be considered as an approach to the eglandular con- 
dition. In the same manner there appears go occur a stage which 
approaches the fully glandular condition su~eiently closely to be with 
difficulty separated from ik By examining due plants a~ the end of the 
season it is possible to distinguish two conditions which may be termed 
the 3--(1) stage, in which even the latest leaves of the monopodia bear 
three glands, and the 3~1 stage, in which these bear only one or at 
most two glands. It  is not yet certain, however, that this distinction 
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will afford a means of separating" the impure forms, 11or is it a me, hod 
which becomes avaiiable till after ~he work of fertil.isa~ion is long over. 
At present no method of diserimit]ating with eertai.~ty between the 
pure and impure forms during the major portion of the life of the plant 
has been discovered. 
CORRELATION. 
One instance of correlation has already been deal~ with in section 3 (d) 
on ~he type of branching and the length of the vegetative period. In 
this instance ~he correlation was seen to depend on a recognisable 
feature--the ~owers are only formed as a developmenb of the ~pical 
buds of the sympodia ~he growth of which is carried on by the main 
lateral bud. In the presen~ section reference will be made to two 
other instances of correlation, but in them the ~feagure on which the 
interrelation between the two characters depends is thus not recog- 
nisable. 
Fig. 3. Fig. 4, 
There appears to be complete correlation between the size of the 
pe~al and the eolour of the flower. I f  the petals be white in colour 
they will be small and hardly project beyond the bracteoles; on the 
other hand, if the eolour be yellow, ~hey will be large in length, about 
twice that of the bracteoles (vide Figs. 3 slid 4)L 
1 JJhe diffP, rence is wetl shown by a ~omp~rison between P1M;es I4 a and t6 Wa~ (20). 
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The petals may be of one of two sizes, ei0aer small, when they lie 
within the bracteoles whose length they do not exceed, or large, when 
they project Beyond and are about double the length o~' the braeteoles 
(v{de Figs. 3 and 4). The exact size of the l~u'ger petal varies somewhat 
with the par~icula.r type but in I1o case approaches that of the smaller, 
and the two stand in marked contrast without intermediate form. 
There appears to be complete correlation Between the size of the petal 
and the colour. The smaller petaI is invariably white al~d the larger 
petal invariably yellow. Among the plants under experiment, which 
now amount to over a hundred thor, sand, and among cottons under 
cultivation in the field no single exception has been observed. The 
correlation holds with ~be simple yellow and white types and also with 
those types in which a red colour is superimposed. It follows from 
this that all plants with a red on yellow flower, such as type 3, have 
large pe~als, while plants witl.1 a red on voMte flower, such ~ type 11, 
have small petals. The cross between types 3 aI~d 9 illustrates this 
point well; in all cases both pIants with red on yellow, and those with 
yellow flowers, whether pure or impure, have large petals, while in ~he 
plants with red on white flowers, whether pure or impure, and in those 
with white flowers, the petals aresmall. 
_& further instance of correlation, and one which is of considerable 
importance ?ooth practically and on account of its bearing on the argu- 
ment of section 3 (d),.has been found to exist between the presence of 
the red eolouring matter and an increase in ~he length of the vegetative 
period. There is a distinct retardation of the commencement of ~he 
tlowering period when the red sap eolour is present. This is shown in 
Table XXIX. In this table the unit is a plant of the F~ generation 
and the figure is, for the pure forms, taken as the average of the Fa 
offspring and, for the impure forms, as the average calculated from 
only those ~ offspring which ~re, judging by the depth (to lamina), or 
absence, of the red colour, pure in this character. 
In the light of this correlation it is necessary to reconsider the 
results de{ailed in section .3 (d). I~x that section attention was drawn 
to the monomoda[ curve as indicating incomplete resolution. No 
distinction was, however, made between plants with, and plants without, 
the red eolonring matter. It would appear possible that a separation 
of the plants into two groups dependen~ on the presence or absence of 
the red colouring matter might disclose two trimodal curves, whose 
presence is rendered obscure through superposition. Table XXIX, 
l~owever, in which such a separation is .effected, shows no such trimodal 
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curves and it has not been possible ~o obtain from ~he records available 
any clear iadication of their exisgence. For the presenL ~here~bre, it 
is impossible 40 do more than reeognise tha~ in this correlation between 
the flower colour and the length of ~he vegetative period may Iie the 
explanation for the failure of the early and h~te flowering characters ~o 
fall into Iine with other [~[endelian phenomena. 
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.Flower Uogour. 
TABLE I% 
Type 4 (Tallow eogoured) x Type 6 (whitejtowe<ed), 
68 pl~n~s all yellow flowered 
109 plants yellow flowered 52 plants whi~e flowered 
J~" I r,x~io ~'t 1 
2'~ lolan~e used as parents 91 13 
5 i0 ~ 6 13 
l yellow 65 35 34 0 
-"v'a whi?ae 0 0 11 100 
1 No difference hgs been observed between ~he diree~ eross ~nd its reciprocal. 
two have~ ~herefore, been grouped $ogether in ~his and subsequent tables. 
-" Numbor of offspring too sm~n to be a roliable guide ~o puri~y of parent, 
The 
TABLE II. 
The occurrence of the red, eoloz~ring matter iq~ vegetative organs. 
Coleured ColGurless 
Typ~s /~i~ and/~r rr Ta~l 
3 • 2 106 99 135 
3 x 4 224 69 993 
3 x 5 299 102 401 
3 x 8 180 64 944 
3 x 9 374 120 494 
3 • I01 351 I00 451 
Total 1534: 4:84 2018 
lRatio 9'17 t 4"17 
1 De~srmine4 on flower colour only. 
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TABLE Ill. 
The intensity el the rec~ co,outing magter in ~he le~/ c~8 aq~ indication 
~" purity. 
Leaf o~ F~ paren~ 
r ecord'e4 z~ 
(a) Type 3 xType 4 
Lamina 
"Veins 
Ribs 
To~a[ 
Ila~io 
COns~itn~ien, as determined 
by Y~ offspring, of ~h~ lorm To~al 
61 5 66 
9 20 22 
0 116 116 
63 1~t 204 
1 2"2 
(b) Type 3xType 9 
Lmmin~ 59 4 63 
Veins 13 2 15 
Ribs 9 188 197 
Total 81 19~ 275 
~a.t~io 1 2'4 
T2~BLE IV .  
The in~enslty of the red co~omgng matter i~ the petal as ~ 
indication of purity. 
Flower of F.~arenh Cons~i~ution~ as de~ermincd 
record6(~ e~ by F s offspring, of ~he form. To~1 
2R ~v 
(a) Type 3xType 4 
~ed 98 9 30 
Rec~ on yellow 3~ 136 171 
Total 63 138 201 
~.a~io 1 2.9 
Type 3 x Type 9 
Red 11 3 14 
Red on yellow 4:6 1'36 182 
To~[  57 139 196 
Ba~io s 2"4 
(b) 
t7--9 
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TABLE Vo 
fT~e F~ ge,~zer~tion f  crosses between type 3~ in which the red colourin 9
matter is present, ~nd types in wh,iv]~ it is absent. 
Cotonred Colomqess 
_ _  2 .  ~.% 
2 
f 
L~min~ Veins ~ibs Tot~ ~'r To~M 
(1) 3 x2  10 23 73 98 29 135 
Ratio I 9"6 2"9 
(2) 3 x i 59 24 90 114 55 228 
4 x 3 18 - -  33 33 14 65 
To~al 771 2-I ~ 123 147 69 293 
i%a~io i'i 2' i  I 
(3) 3 x 5 44 5 6'2 67 3~ 146 
5 x 3 71 3 114 117 67 255 
T~M i15 8 176 174 102 ~101 
.Ratio i'I 1 "7 1 
(Q 3x  8 ~3 6 58 63 38 134 
8 x 3 '26 6 52 68 28 II0 
To~al 59 "ii llO 121 64 24'~ 
l~atio 1 2"0 i'] 
(5} 3x  9 46 8 132 137 69 252 
9 x 3 51 15 124 189 52 242 
To~al 97 ~ 20 256 276 ~ 121 4:94: 
Rat io  1 2-8 1"2 
Grand ~o~i 358 86 739 8~5 384 1567 
R.atio t 2"3 1'1 
5 of ~hese shown by experimen~ to be impure .  
S 2 ~I ,~ ,~ pure.  
r ,, ,, . impure.  
4 22 ,, ,, ,, pure .  
TABLE VL  
ffi . . . . . . . . .  38 pianos wi th  flowers red on yel low and ~he red eolonriag ma~er  ex~endimg 
~o veins. 
B./~ //r 7~R+Br ,rr 
Foliage (lamina) (Ribs or Veins) {To~I eoloured} (Colonrless) 
77 147 294 69 
~a~io I'i 2 "i i 
Used as ~ 61 lamins~ 5 l amina  204 68 
pai'en~s (. ~) veins 136 veins 
2/~ Br RiZ+Rv ~rr 
(Lamina) (Ribs or veins) (To~al eoloured} (Oolourless) 
F. s 132B 832 1092 2524 773 124g 1 
Ra~io 1"07 2'18 1-90 
i And  4 red plants, A consideration of o~her characters indicates ~h~ 9 of ~hese are 
without doubt either volunteer plan~s or have arisen ~hrough an aeoiden~l mix ing  
of seed. 
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TABLE VIII. 
Floweq' co~o'~r. 
(Type 2 x Type 3) • Type 3 
{red (lamina) x yellow} x red (l~mina) 
(Type 2 x Type 8) x Type 2 
{red (lamina) X yellow} x yellow 
(Type 3 x Type 4) x Type 3 
{red (lamina) x yellow} x red (lamina) 
(Type 3 x Type 4) x Type 4 
{ red (lamina) x yellow} x yellow 
(Type ~ x Type O} x Type 3 
{red (Iamin~) x while} x red (l~mina) 
(Type 3 x Type 9) x Type  9 
{red (lamina) x whi~e} • whi~e 
(Type 4 x Type 6) x Type 4 
{yellow x whi~e} x yellow 
(Type 4 x Type 6) x Type 6 
{yellow x while} x whi~e 
B~ p~ants x pczre~zts. 
Red on Red on 
Red Red whi~e white 
[lamina) (veins) (lamina} (veins) yellow white 
13 31 . . . .  
21 6 . . . .  
18 15 . . . .  
--  2 - -  6 3 3 
. . . .  8 - -  
TABLE IX. 
Main  s~em 
Secondary branches 
(a) ~s 
arising from leaf 7 
Detail of ~ndlvi&~cd of tyTe having leaf factor 1"88. 
Number ~umbsr 
of Leaf Tertiary of 
leaves fao!;or branches leaves 
31 1'82 
9 1'81 
arising from leaf 8 21 1'86 
arising from leaf 9 17 1"90 
Sympeaial 
arising fromleaf  8 2 
,, ,, 10 3 
arising from leaf 10 2 
,, ,, 12 3 
,, ,, 1.3 2 
,, ,, I5 I 
Monopodial 
arising from leaf 5 3 
,, ,, 6 3 
Leaf 
factor 
1"64 
1'66 
1"72 
1"74 
1'70 
1"79 
1'74 
1"86 
24.9 
TABLE IX  
lglm~ber 
e~ Leaf 
leaves factor 
r~rising f rom leaf 10 12 1-86 
~r i s ing  f rom leaf 11 23 1'91 
ar i s ing  f rom leaf 12 19 1-84 
ar i s ing  f rom leaf 13 21 1"88 
ar i s ing  f rom leaf  14 19 I '77 
Number 
Tsr'~f~ry of Leaf 
Sympod ia l  
a r i s ing  ti 'om leaf  8 4 1-78 
,, ,, 10 3 1"72 
,, ,, 11 3 1 '81 
,, ,. 1.2 3 1 '66 
,, ,, 13 3 1"74 
,, ,, 14 t 1"83 
15 3 1"76 
,, ,, 17 3 1"64 
~, ,~ 18 4 1"64 
ar i s ing  fi, om leaf  8 2 1"75 
,, ,, 10 1 1"68 
,, ,, 11 1 1"74 
,, ~, 13 2 I'87 
,, ,, 14 3 1"75 
ar i s ing  f rom leaf 5 2 I'80 
,, ,, 7 2 1"84 
,, ,, 8 3 1"74 
,, ,, I0  2 1 '73  
,, ,, II 3 1 '69  
,, , ,  ig 3 1"76 
~, ,~ 14 3 1 '68 
,, ,, 15 1 1'71 
,, ,, lg  1 1"78 
,~ ,, 18 2 t '72  
,, ,, 19 i 1"71 
ar i s ing  h-ore leaf  g 1 1"61 
6 B 1"65 
,, ,, 8 2 1-78 
,, ,, ii 9 1"73 
ar i s ing  from leaf  5 i 1-71 
,, ,, 9 3 1"73 
,, ,, lO 3 1 '76 
,, ,, 12 1 1 '72  
~, ,, 13 4 1"78 
,, ,, 15 i 1"76 
,~ ,, 18  2 1'69 
,, ,, 17 i 1"74 
,, ,, 18 2 1"77 
ar i s ing  f rom leaf  6 i 1"52 
,, ,, 8 1 1"57 
,, ,, I0 ~ 1"75 
,, ,, ii 3 1"79 
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ar i s ing  f rom leaf  15 
T&BLE tX  (coq#inued). 
Number 
of Leaf Tertiary 
leaves factor branches 
15 1"76 
ar i s ing  f rom te J  16 8 1'83 
ar i s ing  f rom leaf  17 16 1"71 
. . . .  18 13 t '97  
ar i s ing  from leaf 19 16 1'81 
arising h-ore leaf 24 Ir 1"78 
Average of leaves on 
Monopoclia 
Number 
of 
leaves 
a r i s ing  h 'om leaf  5 3 
,, , ,  6 2 
,, ,, 8 1 
, ,  ,, 10 i 
Leaf 
faclor 
1"73 
1'85 
1'76 
1"66 
ar i s ing  from lea i  5 2 1"73 
ar i s ing  f rom leaf i 1 1'72 
,, ,, 5 2 1'55 
,, ,, 7 2 1"79 
, ,  ,, t l  2 I'73 
arising from leaf i 6 
~, ,, I0 1 
I '87 
1"73 
arising fl-om leaf i 5 I'71 
. . . .  2 I 1"79 
,, ,, 6 2 1'57 
, ,  ,, 7 t 1'59 
1-94 Average of lemves on 
~ert iary branches  
(b} Sympod ia i  
a r i s ing  f rem lea f  20 4 1"76 
,, ,, 21 6 1 '75 
,, ,, 22 3 1"66 
,, , ,  ~3 i 2"07 
,, ,, 25 6 1"81 
, ,  ,, 26 2 1"73 
,, ,, 27 6 1"78 
,, ,, 28 5 1-80 
,, : ,  29 4 1"79 
,, ,, 30  4 1"63 
,, , ,  31 3 1"69 
,, ,, 32 5 1"66 
,, , ,  33 i 1"65 
. . . .  34 3 1"67 
,, ,, 35 3 1"71 
,, ,, 36 3 1"70 
. . . .  37 9 1"70 
~, ~ 38 2 1'68 
,, ,, 39 ~ 1-60 
. ,, 49 3 1 '69 
41 1 1"85 
Average of leave~ on 
Sympod~a -- 1"72 
1"73 
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TABLE X, 
Variation of the leo]'jhctor within the ty2~e. 
Leaf lector ~umber o! ~ffspring 
Exh'emes of (average u~ed ia 
le~d fae~m" of offspring) de~m'minatiol~ 
M~X. Miu. 19(]7 1908 1907 -1908 
Type 4 1"57 1"t7 1"87 - -  32 - -  
1'71 1"27 1"4.6 1-19 20 2 
1"99 i',12 1"85 I'73 17 5 
Type 5 1"30 1-56 1"68 1-73 20 9 
1"94 1'78 1-78 1'80 20 14 
1-98 1"69 1-88 1"84 20 16 
Type 6 1.98 1'89 1"81 1-88 20 20 
Type 8 3"83 2.96 3'35 3'26 18 90 
3,64 3.55 3'59 3-71 2 10 
Type 9 4-18 3'18 3'64 4"07 90 20 
4.'34 8"80 4-1d - -  20 - -  
TABLE Xt. 
The rdatgon 5stzoeen the lea/factor of the .F I generation of ~ c~ross 
~nd those of the pa?sqzts, 
Le4f factor 
.P~ren~ of l~&rel]ts 
Seed Pollen Seed Pollen 
Type 3 Type 2 3"13 1"45 
, 3 ,, 4 3'13 1"45 
,, 8 ,, 4 8"13 1"64 
,, 4 ,, 3 1"46 3"13 
,, 4 :, 3 1"64 3"13 
,, 3 ,, 5 3'13 1'78 
,, 5 ,, 3 1'78 3"13 
,, 2 ,, S 1"46 3"59 
,, 2 . 8 1'46 3"34 
,, 8 ,, 2 3'59 1"46 
,, 8 ,, 4 3"59 1'64 
,, 8 ,, 4 3'84 1"64 
,, 4 ,, 8 1'46 3"69 
., 4 , 8 1"64 3"3r 
Meaa of Number 
p~,rental Le&f f~e~cr of F~ 
leaf factor of offspring Difference indbiduals 
2-29 2"26 -0"03 25 
9'24 2.21 - 0'03 12 
2.88 2-t9 +0"11 13 
2"29 2'42 +0 '18  3 
2"38 2'45 + 0.07 9 
2.45 2'70 +0 '25  31 
9"45 2.45 - -  6 
2.52 2'18 - 0-34 12 
2'40 2'37 - 0-03 3 
2"52 2'49 - 0'03 3 
2' 61 2-58 - 0'08 6 
2"49 2-54 +O'Og 9 
2"52 2'36 - 018  13 
2"49 2'42 - 0"07 18 
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TABLE XII. 
T]~ Z~f /'c~cto,.. lyp~ 3 (I. f. > 3)• fyl~ 4 {~. f. < 2). 
Leaf faGor 3'13 .. . . . . . . .  l ' 40L  
~[ean 2"27, 
Ft 15 p]ant~ ..... . . . .  mean leaf fae~or 2'21. 
Leaf  i~ei~or . . . . . .  <~ >2 aAd <3 >3 
F~ Number  of individuMs .., 64 143 83 
Ratio . . . . . . . . .  1 2'3 1-3 
~{~an leaf factor . . . . . .  1'71 2-57 3.54 
Leaf  factor . . . . . .  < 9 > 2 ~nd < 3"2 > 3'2 
Indiv iduals  used as parents 65 143 64 
Ra~io . . . . . . . . .  1 9,8 1 
~[ean lea~ fao~or ~ . . . . . .  1'72 ~9"82 3"51  
Leaf fae~or  . . . . . .  <2  >'2 <9 >2 and <3 >3 <3 >3 
2~'3 Number  of individuals ... 1222 5 784 1602 791 6 1273 
Ra~[e . . . . . .  - -  - -  I 2-04 i 
~Iean leaf factor . . . . . .  1"71 1-62 2-62 3"42 3"51 
1 The mean value between 1-35 and 1"46, ~he v~l~es of the pure  l ines  used in ~his 
experiment. At the ~ime when the original cross was made ~hese two forms had no~ 
been isoIated. 
s The value of each individual is here ~aken as ~he mean of the values obtained from 
i~s offspring. 
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~7~s lsaf jhctor. 
TABLE XIIL 
2e-appearc~nee of pa~'sntal values in the F~ @pring. 
(a) Type 2xType 3. 
Lea~" factor  i',I0 ......... 3"13. 
Mean 2"26. 
F1 21 planba . . . . . . . .  mean leaf factor  2"33 
Leaf  faotor <:~ >~, and  <3 >3 
Number  of ind iv iduals  40 82 11 
Ra~io . . . . . . . . .  3'6 7 '4 1 
~Iean of leaf  factor ... 1'63 ~'43 3"41 
(b) Type  4•  8. 
Leaf  fac tor  1"52 . . . . . . . . .  3-47, 
~r 2'49. 
F1 28 p lants  . . . . . . . . .  mean leaf  factor  2'39 
Leaf  factor  <2 >2 and <3 >3 
iqumber  of ind iv idua ls  47 102 46 
Ra~io . . . . . . . . .  1 2-2 1 
~e~n of leaf factor ... 1'66 2"59 3"42 
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TABLE X IV .  The leaf,factor. 27~ generation 
<1"49 12 13 8 1 
1"50--1-59 - -  11 23 36 33 25 I0 - -  1 - -  
1"60--1-69 - -  6 20 44 70 79 43 13 9 - -  
1"70--1"79 1 3 13 27 88 158 131 67 35 8 -- 1 . . . . .  r 
I'80--1"89 1 5 19 44: 54 62 35 14 1 1 1 
1 '9][ 1 3 4: 1 I 1 
1'98 2 4 4 8 t0  i3  5 
2"05 -- i 1 1 1 2 1 3 2 3 - -  1 - -  1 --  2 1 1 -- 
2'06 ] I 1 -- 1 i -- 1 1 1 1 
2'10--2"19 2 1 9 14 14 10 5 7 - -  5 9 7 15 6 5 7 3 2 1 9 5 
2"20--2 '29 - -  4 13 I0 14 7 7 7 5 3 14 94 14: I I  i0 I0 T 5 3 2 7 
2"30- -2 '39 - -  1 4: 11 13 16 8 6 4 6 8 16 14 17  12 4 2 4: 6 3 4 
2"40--2"49 1 1 5 13 95 27 32 i6  13 t0  1t  24 99 39 39 31 23 19 16 16 13 
2"50- -2 '59 -- 4 3 14 26 36 33 34 22 12 19 30 ~t5 47 50 --1-2 36 23 37 16 18 
2"60--2"69 2 3 7 18 16 13 4: 3 6 14 23 93 24 21 20 19 23 4 10 
2-70--2"79 - -  1 3 8 t l  33 27 15 9 2 5 7 94: 2@, 3~t 35 32 99 28 16 11 
2-80--2"89 - -  - -  1 3 5 6 14: 1"2: 3 3 2 8 5 17 28 24 33 94 16 17 18 
2"90--2 '99 2 2 7 8 8 4: 2 1 2 4 10 21 15 }5 16 13 14 11 
3"00--3'09 2 1 3 7 2 3 3 7 5 I I  8 14 Ii 8 
3-10- -3 '15 i 2 3 4 1 1 .-- 1 1 - -  5 8 2 10 8 12 17 
3"17 . . . . . . . . . . . . . . . . .  
3"18 1 -- 1 - -  
3"19 
3"20--3-29 2 
1 1 
1 - -  
3"30--8"39 
3"40--3",~9 
3-50--3'59 
3"80--3"69 . . . . . .  
3"70--3'79 . . . . . .  
3"80,--3"89 
3-90 --3"99 . . . . . . . . . . . . . . . . .  
4"94 . . . . . . . . . . . . . . . . .  
9 3 2 5 
- -  1 
1 1 
2 i0 I0 9 
7 I0 9 15 
4 14 17 31 
5 8 8 12 
- -  4 8 12 
1 1 2 5 
- -  1 3 --- 
i 
H. M. L ~  255 
,from the cross. ~pe 3 • Type 4. 
~ "~ ~ ~ ~.~ 
. . ~% ~ 
5 3 ] 1 1 - -  1 
2 3 - -  1 ~ 3 1 
8 5 i 1 3 - -  i 1 
15 11 7 4 3 2 2 1 I i 
16 19 13 10 6 8 2 5 2 1 
7 11 8 12 6 4 4 1 2 1 
20 11 17 8 10 i0 6 7 6 8 5 1 -- 1 
2 1"63 34 1'48 +0 '20  
8 1'66 14-9 1"54:+0 '19  
17 1'77 28]~ 1 -64:+0"13 
24 1'75 522 1*74 +0"01 
19 1'81 237 1'84 -0"03  
1 1'91 ii 1"93 -002  
I 1'79 46 1"98 -0"19  
I 2'26 21 2"05 +0'21 
1 2'67 9 2-06 +0"61 
5 2"31 141 2'18 +0 '13  
10 2-47 187 2-25 +0'22 
8 2"38. 179 2"35 +0"03 
20 2-56 450 2'4:6 +0-to  
24 2 '68 634 2'54: +0"14: 
15 2-74 314 2 '64 :+0-10  
20 2"73 4:68 2"74 -O-O1 
10 14 12 7 7 5 9 3 2 2 3 I 1 - -  t6  2-96 315 2'84 +0-12 
6 7 6 6 10 6 4 8 4 3 t 2 1 t l  2-92 219 2'95 -0 -03  
2 5 2 5 3 t 4 4: 3 2 - -  I 1 2 
14 6 4 10 5 5 2 4 3 1 i 
2 I 2 1 1 - -  - -  
1 1 1 2 . . . . . . . . . . . .  
- -  2 
9 5 4 5 2 3 
30 23 23 12 9 3 2 
36 47 27 29 18 17 12 6 2 3 1 
7 23 33 25 21 13 10 8 9 2 i 2 1 
23 24 44 40 33 25 18 1.8 8 10 5 - -  1 - -  1 - -  13 3"72 274 3"6.5 +007 
5 t0 12 12 14: 1 i  15 7 9 9 4 2 6 3'87 119 3"75 +0 '12  
1 4: 9 4 6 9 3 6 6 8 6 1 1 2 4 3'95 70 3"85 .0"02  
1 6 8 6 5 6 17 3 9 11. 7 4 - -  2 - -  2 3 3-99 91 3'95 +0 '06  
1 1 2 2 1 1 2 t 2 3 - -  t t 3-92 17 4,2-1 =0"32 
4 3"22 126 3"06 +0"16 
7 3"02 131 3'12 -0 '10  
1 3"51 19 3'17 +0"34 
1 2"91 8 3"18 -0'27 
1 3.22 ,i 3"19 +0.03 
3 3-47 61 323 +0"24E 
7 341  145 3'33 +0-11 
14 3-5~i 274 3"44 +01] [  
10 8'62 192 3'55 +0 '07  
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TABLE XV. 
The length of the vegetative pe~'iod as affected by the season. 
Sown in Po~s Field 
Diffm'enee 
Season 1907 1908 variabion 1909 
Type 3 IA6 210 + 64 146 
,, 4 83 IIi +28 83 
,, 5 80 1t0 + 30 73 
,, 6 90 114 +24 8'l 
,, 7 -- 96 ~ 62 
,, 8 78 106 + 28 72 
,, 9 93 I17 +24 92 
,, 10 96 115 +19 9,1 
Sea~ouM variat ion for monopodia l  ~ypes ...... 64. 
,, ,, ,, sympodia l  ~ypes... .... 25, 
TABLE XVI, 
The length of t/~e vegetc,Aive tie,led as affev~ed by the method of 
eu~tlva~ion. 
Type 3 • ,t Type 3• Type 9 
POtS Field Po~s Field 
Number Number Number _Number 
Period in of ~f Differ- of of Differ- 
Day~ plants Days plan~,s Days once plants Days pl~n~s Days ence 
Below I01 3 105 -- -- - -  2 127 - -  - -  -- 
i01--II0 II 108 30 88 25 13 i09 8 88 91 
111--120 29 11.5 52 89 26 47 1t8 30 93 25 
121--130 22 122 86 96 26 92 122 41 98 24 
~I$s 15 126 31 95 31 40 130 20 102 28 
141--150 11 127 19 98 29 21 132 9 105 27 
151--160 8 132 3 104 28 16 132 . . . .  
161 andove," 2 123 . . . .  3 135 - -  - -  - -  
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TABLE XVII .  
The length of the vegetc~tive p riod, The ~ generation from the cross, 
TyTe 3 • Type 4 and Type 3 • Type 9. 
Type 3• Typo 4 T~)e 3xT~Je 9 
Number Number 
Intervals ~umber indicative ~umbe~ indicative 
of days from sowil~g of of type of of of ~ypr of 
~n flowering plants branching plants br~ncking 
Above 170 ~ 75 - -  - -  
166~170 3 91 2 87 
161~165 4 87 3 75 
156--160 13 79 5.i 40 
151--155 16 62 8 69 
146--150 13 57 9 50 
Ir 14 5~ 9 4~ 
136- -140  19 64 22 30 
131~135 25 42 33 21 
126--130 89 29 21 15 
121--125 37 26 31 2 
116--120 43 I i  36 1 
111--115 46 5 26 - -  
106- -110  14 4 I 0  - -  
101- -105  3 - -  3 --. 
below I 01  1 - -  - -  - -  
Number 
In ~his table, which is base& on the 2' 2 genem~ion~ only the four 4egreo~, indicated by 
the numbers I00~ 75, 50~ 0, o~ secondary branching have been recognised. 
1 Of ~hese five plants two are of the sympodial type. One of these was 4warfeS, an& 
the date of appearance of first flower consequently very ]ate. The secon& produced 
flowers a~ the extremi~iBs of the symtoodlal hranches only. On acceun~ of these two 
plan~s, which appear somewhat normal, the figure ~or ~his interval is abnorm~Ity tow. 
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TABLE XVI I I .  The [en,,_/th of the ve~t~tlve psrio~. Ths. T~ ge++sration 
L ~ "~ ~ ~ ~1 ~ ~ .~ ~ ~ r~ ~ r - I  
106 
198 i 1 
115 
281 
282 
i~0 . . . .  
300 
329 
194 
118 
280 
150 
241 . . . .  
320 
I - -  i i i - -  1 -- 2 - -  2 1 
i I - -  I 1 I 
2 - -  3 1 I 1 i 
I i ] i 2 i 2 8 - -  3 - -  2 i 
I i 6 - -  4 - -  i - -  I 3 - -  i 3 I - -  
- -  i -<~ 1 1 3 1 1 I 
] - -  2 - -  1 - -  3 2 2 1 I - -  
I 3 ] 2 3 - -  I "2 2 I 2 9 I 2 I - -  
I - -  1 - -  2 - -  2 1 . . . .  I i 
1 3 - -  1 3 1 1 4 5 1 
1 4 I I I 4 2 I i i I i I 
1 3 - 
151 1 - -  2 
131 I 2 ] 2 
32? i I 
~84 I 
114 i - -  I 
65 I' 
1 i - -  i I l 1 
i I i 1 i '  I 1 2 4 1 I - -  
I i 2 - -  6 2 I 2 I 
i -- 2 i - -  1 2 i i i 3 
i 1 ~ 1 - -  2 - -  1 1 1 1 
2 - -  1 1 - -  1 1 - -  
1 - -  1 ] 1 3 2 3 1 
i 2 i - -  I 2 ,I 4 2 i 
I 4 - -  I 4~ I --- i 2 - -  I 
219 . . . . . . . .  1 -- i i 
170 
119 
139 i 
127 
I,B8 
87 
166 
I~'2 
324 . . . .  
156 . . . . . . . . .  
314 
112 . . . . . . . . . . .  
242 . . . . .  
195 
1-53 
158 I - -  I 
974 - -  I i 
181 . . . . .  i I I 
I I I 9 i 1 - -  
i ~ - -  2 1 ] - -  ] 1 - -  I - -  3 2 1 2 
I I 1 - -  I I 1 i - -  i 
I 3 i +-- i 1 i - -  9 i 1 I ~ I 
i - -  - -  - -  1 3 I 1 1 
i - -  i - -  ~ ~ I I i 2 2 1 i 4 2 3 
1 1 1 
1 - - -  ,1 0.9, 9 - -  9 - -  9 1 
i i - -  2 - -  I 1 I 
i 2 - -  i 2 I - -  2 I i I 2 2 2 i 3 
l - -  I - -  i 3 9 --  1 i 
i 2 -- -i 9 9, - -  2 1 9 
i 1 - -  i 1 3 - -  
2 - -  i I 2 2 
1 --  1 2 9 l I - -  
i I 3 2 - -  ] - -  1 2 - -  2 
I 1 i 2 - -  2 2 1 I - -  
1 1 - -  1 1 1 I 1 
1 1 1 1 - -  1 --  1 
i I - -  i - -  3 - -  I - -  3 
140 
210 
2~5 
13~ 
~64 
~54 
214 
221 
I 4 - -  1 .-- 3 1 4 - -  3 -5 3 3 
2 1 - -  3 1 ] - -  
i I - -  1 3 1 1 3 2 5 
2 I i - -  2 
i 1 I - -  I - -  ] 
i - -  2 3 2 i 3 
1 - -  +I 1 I I 3 6 I 2 2 - -  
I 1 9 2 - -  
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,/rom 6~,~ cross. Type 3 • T~2e 4,. -Pot Series, 
Z 
I0 I07 - I0  97  
7 i19 - i~  98 
- -  1 i0  ] .01 + 2 103 
18 i00 + 3 103 
- -  - 99 99 + 5 ] .04  
- -  1 . . . . .  i 0  i i0  - 5 105 
- -  - 13 107 - 2 105 
94 I13 - ? i06 
i I 0  i09 - 2 107 
21 102 + 5 107 
2 . . . . .  - -  22  98  + 9 107  
5 113  - 5 108  
6 132  -22  I I0  
I - -  1 
I - -  - -  i 
19 118 - 8 I i0  
22 115 - 5 110 
22 115 - 5 i i0  
12 114 - { I i0  
8 111 = i I I0  
14 109 + 1 110 
i 
I 1 
- -  - -  1 1 - -  - -  
'2 1 1 2 1 I 
1 . . . . . . .  
- -  1 - -  1 . . . . . . .  
3 2 i 1 i - -  i 
I - -  i i . . . . . . . .  
- -  i 1 I 
21 109 + I I I0  
16 108 + 2 i i0  
11 194  -13  i i i  
21 114 - 3 i i i  
12 119 - 7 112 
25 117 - 5 I12 
8 113 = I 112 
22 I 12  - -  112  
5 i17 - 4 113 
17 131 16 115 
9 115 --  115 
31 i13 + 2 115 
13 119 - 3 116 
19 119 - 3 116 
? 116 - -  116 
1 2 - -  . . . . . . . . .  
i 1 2 - -  i i 
i .2 I I 
1 ~ 2 ~ I - -  i 
3 2 - -  I I 1 . . . .  
1 ! --  i I I I - -  I . . . . . . .  - -  - -  - -  
~ 3 2 I - -  i . . . . . . . . . . . .  
3.  2 1 I I 
3. - -  2 1 
! l I 1 .-- 1 
]. 2- - i - -1  
i - -  2 I 
2 4 6 2 i 
- -  1 i 
~Iourn, of  Gen .  I 
1 1 . . . . . .  ~- - -  I I 108 + 8 116  
I I  139 -15  117 
19 12 i  - 7 i17 
16 118  - i i17 
i~ 115  + 2 I17 
i$ 155 -37  I18 
20 127 - @ 118 
43 ]20 - 2 118 
16 130 -11  I19 
2~ 128 - 9 119 
I I  119 - -  119 
13 148 -28  120  
1 18 141 ~21 120 
i 36 130 - I0  I~0 
9 126 - 6 120 
18  
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TABLE XV I I I  
.~  ~,  
168 - -  - -  ~ i 2 - -  i 
i00 
273 
335  . . . . . . .  
71  
187 . . . . . . . . .  
182 - -  
1 2 3 
t32  . . . . . .  
l i . . . . . .  I - -  4 
3 i 1 i 1 I 
- -  1 i 3 i - -  
]. 1 1 I 
i - -  I - -  I - -  
1 - -  I - -  I 3 2 
1 - -  9 i 1 1 
] 2 2 3 2 
147 
90 
179  1 
310 . . . .  2 2 - -  - -  1 
97 . . . . . . . . . . . . . . . . .  1 
963  2 
224  I 
223 - -  9 i 
328 I 
155 . . . . . . . . .  
275 
259  
246  
I 
i - -  1 . . . .  
i 
I 2 i 2 - -  i 1 
1 . . . . .  2 - -  3 I 
4 i 
1 6 4 
3 
9 2 1 
2 , - -  
1 3 ]. i 3 
1 1 - -  
2 - -  2 ~ 1 i 
2 2 2 
I 1 I i - -  
2 - -  2 3 i 
I i 1 - -  1 l 
1 - -  4 - -  - -  I 
! - -  1 2 2 
i - -  2 3 2 
1 
1 1 i - -  1 
I 2 4 
7~ . . . . . . . . . . . . .  
193 . . . . . . . . . . . . . . . . .  
194 
266  
249 . . . . . . . . . . . . . . .  I 
185 I 2 
271 
285 . . . . . . . . . . . . . . . .  
227 
77 
1 i 
I I - -  I - -  
i 2 1 1 
245 - -  - -  ~ I 
176 I 
215 
21~ i 1 - -  I - -  I 2 i i 
175 I 
279 . . . . . . . . . . . . . . . .  I 
256 I i 
345 . . . . . . . . . . . . . . . . .  i - -  I 
229 . . . .  i I 
251 1 - -  1 1 3 
89 
255 __  ~ I 
269 
98  - -  - -  1 
220 . . . . . . . . . . .  1 1 
245 . . . . . . . . . . .  
244  
240  
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(co~t{nued). 
~ o 
4 9 1 -- I i 2 29 i17 + 3 120 
i ~ - -  I --- I i i 117 q- 3 120 
4. 19 156 -35  121 
_ - -  9 6 19~{ - 3 121 
3 I Y 123 - 2 121 
3 - -  I 2 - -  3 i I 25 122 - I ].91 
9 I I i I 12 3.91 - -  121 
9 9 i 15 I~0 -F 1 121 
2 3 I 1 I 16 119 + 9 121 
- -  i 9 I - -  - -  ! ~ - -  ii 129 - 7 122 
7 .4 - -  2 1 i 31 112 +I0  19~ 
i i i 7 16@ -43  123 
- -  3 9 i 2 1 i 
3 I i i - -  4: 
I I 
I 3 - -  I 
I I I 
I 2 9 -- 2 - -  I I 
- -  5 5 2 
- -  3 3 - -  i 
1 -- 2 
2 i. i 
- -  1 3 - -  I 
I 5 2 i 
2 ,t 6 3 
1 
I 1 
1 
1 1 
1 
I -- i 
i 2 
1 5 2 - -  I 
i I I ] I 
I -- 1 ] 
I - -  ~ I 2 2 I 1 
2 1 i 1 1 
I 1 l I - -  1 
"-1- - -  I 1 
4 9 4 5 4 4 1 I i -- 1 -- - -  -- 1 
1 ! i i - -  I 
1 1 
1 i. - -  1 I - -  1 -- I - -  
- -  2 2 
A ,5 4 I I i ~ 4 i i 
I i 2 3 2 -- I 3 i 3 
17 141 -18  123 
7 128 - 5 123 
22 128 - 5 123 
6 118 + 5 123 
15 118 + 5 123 
II 163 -89  124 
90 143 -19  12~ 
22 133 - 8 I~  
13 133 - 8 19~ 
11 130 ~ 5 125 
3.9 129 - ~ 195 
14 141 -15  196 
13 139 - 6 196 
95 12@ --  196 
16 153 -26  127 
7 133 - 6 127 
6 131 - 4 127 
17 134 ~ 6 128 
7 133 - 5 128 
6 129 - I 128 
6 196 + 9 I~8 
36 12{ + ~ 198 
6 129 - -  129 
3 155 -25 130 
8 148 -18  130 
6 135 - 5 180 
2~ 134 - 3 131 
23 I~0 -17  133 
2 9, - -  4 1 9,9 1 1 -- 1 I 
2 1 -- 1 1 -- --  ~ 1 1 -- 1 -- I 
1 1 -- 1 1 -- --  
- -  1 2 1 2 1 1 1 - -  1 4 - -  - -  
- -  ~ 1 3 - -  9 - -  - -  - -  1 1 9 i i 
2 ~-- 2 I 1 I I - -  2 
2 1 I 1 1 - -  1 1 ~ 1 - -  1 -- 1 
1 1 1 1 
15 153 -].8 135 
16 I~9 + 6 135 
iO 188 -- 188 
13 139 - -  139 
133 + 7 I~0 
18--2 
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TABLE X IX .  fT~e length of ts vegetative period. The F:~ gen,~ra~o~ 
Below 80 
80--  84 
85--  89 
90- -94  1 
95- -  99 2 1 
t00- -104 
105--109 
110--114 
2 3 4 3 '4 1 1 1 1 . . . . . .  
1 2 2 13 8 32 45 74 79 66 50 '45 18 19 1'4 13 12 10 6 
1 - -  1 6 8 15 4.~ 68 83 79 59 57 '40 31 33 45 30 33 '28 
1 - -  2 12 :[9 30 61 6S 65 62 52 66 58 63 80 76 70 
3 4 5 13 18 26 31 39 4-i 32 35 68 75 9~ 97 
1 - -  it 2 3 3 1 6 5 7 16 20 30 27 
I I I 1 2 3 IO 12 
I 1 
TABLE XX.  The length of the vegetc~tlve p riod. The F~ generation 
v.~ ~ ,-~ ~.4 ~ v-4 v-4 ,-4 
Below 104 3 2 1 1 -- 1 -- 1 I -- 1 i 
105--109 - -  1 s 3 5 7 7 .5 5 7 13 7 6 17 12 16 13 6 5 1 - -  2 
110--114 
115--119 
120--124 
125--129 
130--134 
13.5--139 
140--144 
145--149 
1 6 3 10 7 8 16 17 21 20 21 31 31 34 "46 3.5 23 26 30 9 
2 7 8 5 9 8 2t  20 22 18 34 46 58 79 76 -57 64 60 36 
1 4 1 2 5 7 7 9 10 1I  11 1.6 40 36 53 4'4 65 70 46 
1 t "~ 2 4 2 3 3 4 5 I0 26 32 4~ 41 63 86 66 
2 1 2 1 T 9 14 16 17 30 44 4~ 
i 3 3 9 11 
1 -- 2 -- 1 4 8 5 
150--154 
TABLE XX I .  The length of the vzgztat{ve peri,Jd. The F 3 generatlon, 
Below 80 1 -- 1 1 2 3 1 . . . .  
80-- 84 1 3 1 7 8 5 2 4 8 4 5 1 7 " I 1 3 -- I 
8.5-- 89 -- i 1 1 2 6 Ii 17 24 18 19 16 18 15 13 22 13 14 8 8 3 2 
90-- 94 I 1 3 8 1'4 90 27 IS 24 24 16 39 40 ,12 35 48 27 22 21 ]I 
95--  99 I - -  7 6 13 4 6 14 9 17 19 35 2,1 33 26 26 18 14 
100--104 1 -- 1 i 3 9 5 4 9 5 8 3 II 14 25 50 17 22 19 21 
I05~I09  i 2 1 4 1 6 5 4 14 ii 15 17 13 Ii 
110--114 . . . . . . . . . . . .  2 -- 1 2 9 3 4 6 
115--119 I 4: 3 
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fi"om the cross. ~'~29e 3 x Type 9. .Pot Series. 
0~o Om ~.~ ~o |  ~.~ 
~4 r-4 P4 , ~ 
]. 108 20 79 - 27 
6 ~ 2 33 112 512 83 -29 
12 13 3 3 37 116 691 87 - 29 
56 26 30 i6 12 5 5 2 3 1 40 123 942 92 -31  
63 37 46 33 t6 12 5 3 4 4 2 1 2 43 125 315 97 -28  
13 9 ~0 12 1t 8 6 3 1 3 .-- 2 1 1 14 136 212 102 -3~ 
4 17 ~I 7 14 5 3 1 - -  s - -  2 - -  i - -  1 - -  - -  6 137 109 106 -31  
- -  1 1 1 ~ ~ 2 1 1 1 ~ 127 I I  i i i  -16  
f rom the cross. Type 3 • iPype 9. Pot Se~'ies, 
,~ P.4 > P4 " 
__  - -  - -  1 117  12 I01  -16  
__  ~ i0 119. 142 108 - I I  
i0 5 2 i 2 3 23 120 418  113 - 7 
95 ~4 13 10 5 3 4 2 - -  4 4 47 122 7~4 117 - 5 
42 39 24 15 9 15 5 6 8 6 2 1 1 - -  - -  1 41 ig6 610 12~ - 4 
78 ~7 37 31 20 95 19 16 19 18 23 ~ 1 2 1 47 130 799 127 - 3 
40 48 94 28 91 18 19 32 25 9 11 12 8 4 9 9 37 132 483 I33 § 1 
lO 11 8 5 5 9 7 9 S 7 7 3 - -  5 2 1 1 2 9 139 127 136 - 3 
5 9 19 I~ 6 7 9 i0 I0 12 I i  I0 6 I I  4 2 5 7 12 142 171 141 - 1 
- -  2 ] t 2 7 4 1 2 3 2 2 2 - -  4 137 31 147 +10 
1 2 1 - -  1 1 - -  1 154 6 154 - -  
from ~he cross, IPype 3 • Type 9, Field Series. 
8 7 1 3 1 
~: 20 1 6 3 2 $ 2 1 1 1 
1~ lg  9 7 3 1 8 3 1 1 5 1 
11 7 8 6 7 4 5 6 2 5 3 2 3 
2 3 2 7 4 4 2 4 --  2 2 3 I I 
I. 1 I - -  3 1 3 - -  2 i - -  3 --  1 
1 11t  9 77 -34  
3 116 57 83 -33  
13 115 ~34 87 -2S  
33 124 451 92 -32  
20 124 305 97 -97  
I 20 129 264 102 27 
14 130 178 i07 -25  
5 138 57 t12 -26 
2 140 25 115 -26  
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TABLE XX I I .  
The i'nte~'rsZation between the [e~gth of tl~e vsgetative period and the ~ype 
of brcunching. T~jpe 3 • Type 4. Pot So,flex. 
Brauching 
2 clay 5 clay 
lqumber 10 20 30 40 50 60 70 80 90 period period of clays 
Be low 90 3 6 9 . . . . . .  19 19 
92 2 4 4 1 - -  ] - -  - -  - -  27 
94 - -  8 4 1 . . . . .  94  28  
95 2 1 10 9 . . . . . .  32 - - ~  
96 - -  3 1 . . . . . .  
98  3 4 3 . . . . . .  30 31 
100 2 4 4 4 3 I - -  - -  - -  33 
102 - -  4 2 1 2 1 - -  - -  - -  34  
104 ~ 3 4 5 ~ . . . .  31 34 
105 1 3 5 2 4 3 - -  - -  - -  36 - -  
106 - -  3 ~ 2 1 2 . . . .  
i 08  2 5 13 5 ~ . . . .  31  33 
I i 0  - -  3 4 3 1 1 - -  - -  - -  34  - -  
11~ 1 4 7 i i  3 - -  1 - -  - -  36  
114 1 1 5 3 4 3 1 ~ ~ 42 35 
115 - -  4 5 1 1 1 - -  ~ - -  35 - - - -  
116  - -  - -  5 - -  - -  1 1 - -  - -  - -  
118 - -  1 8 11 5 3 4 1 - -  45 44  
120 ~ - -  6 13 3 2 3 - -  - -  43 - -  
122 - -  4 4 7 7 4 4 1 - -  46 
124 - -  2 4 4 3 5 1 1 - -  46 47 
135 - -  - -  4 2 7 6 1 - -  - -  50 
128 - -  I 5 6 4 3 7 2 - -  - -  
i~8  - -  - -  3 3 3 6 7 4 - -  61 56 
180 1 - -  3 4 4 4 6 2 1 58 - -  
132  - -  - -  - -  s 9 4 5 1 t 59 
134 . . . .  2 2 7 2 - -  67 62 
135 - -  - -  - -  1 2 1 2 - -  i 64 - - - -  
136 . . . .  2 2 1 - -  - -  
138 - -  - -  i 1 - -  I 1 1 - -  56 84 
140 . . . .  2 I - -  i 70  ~ -  
142 . . . .  I i 1 3 I 73 
144 . . . .  1 3 - -  - -  I 64 65 
145 - -  1 - -  - -  - -  i I 4" - -  65 - -  
146 . . . . .  4 I - -  - -  - -  
148  . . . . .  1 I 3 - -  74  68 
150 . . . . .  2 1 1 - -  67  - - - -  
152 . . . . .  1 2 - -  - -  67 
154 . . . .  1 - -  ~ 1 - -  67 66 
i 55  . . . . .  I - -  - -  - -  75 - -  
~58 . . . . . .  ]. - -  - -  70 
Average  ~ ~o 
per iod  y ~ 106 111 116 121 136 130 135 147 
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TABLE XXI I I .  
The i~te~n'elat~on bet~vee'r~ theZength of t/~e vegetative pe~',iod and ~he ~ype 
of bra'rwhing. I:@e 3 x Type 4. Field Series. 
Branching 
2 day  5 duy  
Nmnberof ci~ys 10 20 30 40 50 60 70 80 90 period l~eriod 
Be low 65  - -  1 . . . . .  
66  1 . . . . . . . . .  
68  - -  l i . . . . . . .  
70  3 2 1 . . . . . .  
72 4 6 3 . . . . .  
74 7 I i  2 - -  i . . . .  
75 7 15 1 9 . . . . .  
76 I 0  17 8 9 . . . . .  
78 27 40 99 7 1 . . . . . . . .  
80 46 65 32 12 1 1 1 - -  - -  
82 30 76 58 16 7 6 - -  - -  - -  
84 24 59 44 16 9 6 2 - -  - -  
85 6 25 95 13 2 ]. - -  - -  - -  
86 3 19 18 15 4 6 5 2 - -  
88 17 33 35 26 13 l l  4 2 1 
90 7 17 19 22 12 11 5 2 1 
92 5 20 15 16 13  7 13 1 
94 5 16 90 15 i0 i0.  6 1 - -  
95 3 6 11 8 4 7 4 - -  - -  
96 3 7 16 12 13 8 3 2 l 
98 6 12 24 31 18 18  I0  5 - -  
I 00  & i~  21  30 23 31 16  4 2 
i02  8 8 18  98  32 ~0 20 3 2 
104 5 9 i0 34 25 25 9 I 3 
105 - -  9 5 5 8 10 4 1 2 
I06 ~ 2 g 7 9 i i  5 1 --- 
108 - -  4 9 12 I0  19 12 3 - -  
I I 0  - -  - -  2 19 9 18 9 3 I 
112 - -  - -  i 8 13 I 0  8 I I 
I i~  1 1 - -  4 5 12  7 2 - -  
115  - -  - -  4 1 3 1 - -  - -  
I16  . . . .  ~ 2 - -  ] - -  - -  
118  - -  - -  1 l 9 6 5 1 - -  
120 - -  - -  - -  2 4 2 3 - -  - -  
192 - -  - -  1 - -  2 4 1 - -  
12~ - -  - -  - -  I 1 ~ 9 1 - -  
125  - -  - -  - -  1 - -  - -  9 - -  - -  
126  . . . . . . .  1 - -  
128  - -  - -  1 .-- - -  1 - -  - -  - -  
130 . . . . . . . . .  
]32 . . . .  1 1 - -  - -  I 
].34 . . . .  I - -  i - -  
15 90 
95 18 
1 6 - - - -  
19  
19  19  
2 0 - -  
-91 21  
21  . . . . .  
25  
97 26 
3 2 - -  
33 36 
3 9 - -  
40 
38 39 
4 : 1 ~  
43 44 
47- - - - -  
~7 
46 49 
5 0 - -  
52 52 
5 6 - -  
55 
56 55 
5 2 - - - -  
60 58 
55- -  
61 
61 61 
55- -  
45 59 
66 66 
65 
Average  I 83  8~I 88  9% 98  I00  ]01  ]04  104  
lO~riocl f 
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TABLE XXIV. 
The integ"re/~ation between th~ length of  the veuetatlve 2e~'ioc7 and the type 
o/" branchi~,cj. Type 3 x Ty2e 9. 2or ~S'e~'ies. 
Branching 
2 d~,y 5 day 
N'~tmberof day~ 10 20 30 40 50 60 70 80 90 period period 
Be low 85 . . . . . . . . . . .  
86 - -  - -  1 . . . . . . .  80  
88 . . . . . . . . . .  96  
90 - -  5 4 I . . . . . .  96  - -  
92 - -  5 5 1 t t - -  ,-- - -  31  
91 - -  8 i 0  3 - -  I - -  - -  - -  99 ~9 
95 - -  2 4 . . . . . . .  25 
96 t 6 ~ 1 . . . . . .  
93 --- 7 9 8 - -  1 - -  ~ - -  39 31 
100 - -  12  6 8 3 2 - -  - -  - -  33  - -  
102 - -  5 16 6 - -  2 - -  - -  - -  ~3 
lO~ - -  9 15  8 5 "I - -  - -  - -  33 33 
105 - -  3 @ 3 1 . . . . . . .  31 
106 - -  7 8 3 2 . . . . .  
108 I 8 18 3 5 . . . .  31 32 
110 - -  19  24 21 ~ 9 - -  - -  - -  33 - -  
112 - -  21 2~ 15 6 9 - -  - -  - -  32 
114 - -  15 98 15 18 4 - -  ~ - -  36 35 
115 1 6 92 91. 13 1 - -  - -  - -  37 - - - -  
116 1 7 17 26 4 5 . . . .  
118  ~ 18  38  41  22  16  2 - -  - -  39  39  
120 1 10 ~7 29 23 8 3 i - -  40  
122 - -  13 " 17 36 ~7 I3 4 2 - -  45  
194 1 10  27  34  36  90  i i - -  42  45  
125 1 i 7 i S  27 18 7 i - -  50 - -  
19U - -  I 5 7 14 16 5 - -  - -  - -  
128  - -  5 i0  i i  24  22  i0  3 - -  51  52  
130 - -  2 ? i0  18  34 12 5 - -  55 ~ - - -  
132 - -  i 5 15 i i  19 13 2 - -  53 
13~ - -  - -  3 4 13 21 7 3 - -  57  55 
135 - -  - -  3 2 4 5 6 - -  - -  57  
13G - -  - -  i 9 3 6 7 I - -  - -  
138  - -  - -  2 6 9 I I  8 3 - -  59 60 
140 - -  - -  i $ 4 I i  I0  3 - -  61  - - - -  
142 - -  - -  i 4 5 i 0  9 i - -  58  
1~4 - -  i I 3 i i  i i  20 5 - -  61 60 
145 - -  - -  2 - -  ~ 3 6 I - -  64 ~ - -  
146 - -  - -  - -  i 3 6 5 5 - -  - -  
148 - -  - -  2 4 2 8 9 8 - -  63 6~ 
150 - -  - -  i - -  4 7 7 7 - -  65  - -  
152 . . . .  I 4 8 7 --- 70 
154 . . . .  I .{ 4 4 - -  88 70 
155 . . . . .  I i i - -  64 - -  
156 . . . . . .  I 3 1 - -  - -  - -  
158 . . . . . .  2 2 - -  75 87 
160 . . . . .  1 - -  1 - -  70  - -  
162 . . . . . . . .  2 - -  80 
184 . . . . . . . . . . . . .  75 
165 . . . . . . . . . . . . . . . . . . . .  4 3 - -  74 - - -  
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T A B L E  XXV.  
]']~e i,nterrda, t.ion b,.tween th.e le,nUh oj" the veyetat{ve 2~eriod and ghe tFpe 
oj' 5"ranes W. (7!~7pe 3 x ?~pe 9 ,  F idd Ser ies ,  
Branching 
2 :lay 5 tk~y 
Numberof days 10  20  30  40  50  60  70  80 90  per io4 1Jeriod 
Be lmv 65  . . . . .  1 - -  - -  - -  
66  . . . . . . .  
68  I 1 . . . . . . . . . .  16  94  
70 - -  3 1 , - -  1 . . . .  29  - -  
7~ i 2 3 . . . . .  20 
74 i 6 3 2 . . . .  95  25  
75 2 7 9 7 . . . . .  27  - - - -  
76 - -  9 6 9 . . . . . .  
78  6 I i  14  16  1 . . . .  29 27  
80 9 17  21  7 2 1 - -  - -  - -  97  - - - -  
82  7 18 I 5  7 2 3 - -  - -  - -  98 
84  i 16  14  5 3 I - -  - -  --~ 29  29  
85 - -  7 12 7 3 . . . .  32  - -  
86 1 9 ]9  7 3 1 . . . .  
88  l 6 12 16 5 1 1 - -  - -  36  33  
90 2 15  15 9 3 3 - -  - -  --- 31 
92 1 IO 19 14  13  3 - -  - -  - -  36 
94 1 19  22 20 I i  9 - -  - -  - -  37 38 
95 - -  3 12 17  iO  5 2 - -  - -  39 
96 4 4 8 8 4 3 . . . .  
98 ~ 19 12  30 26 12  i - -  - -  ~ i  i l  
I 00  i 6 I 0  17  15 7 5 - -  - -  43  
I 09  I 5 9 ~0 15  13 2 - -  44  
104 1 5 ]2  11 13  12 ~ - -  - -  44 44 
105 - -  1 2 5 3 3 1 - -  - -  44  - -  
106 - -  1 2 3 3 7 . . . .  
i 08  - -  - -  1 I i  9 i 0  3 - -  --- g l  ~8 
110 - -  i - -  8 5 i0  1 - -  ~ 50 . ~  
119 - -  - -  - -  4 5 4 2 1 - -  54 
t14  - -  - -  - -  5 6 5 3 i - -  54  54  
115  - -  - -  - -  1 i 1 i - -  - -  58  - -  
116  - -  - -  i 1 1 3 - -  - -  - -  
118 - -  - -  1 2 3 3 2 - -  - -  53 53 
120 - -  i 1 8 - -  1 I I - -  47  - -  
122 . . . .  $ i 3 4 - -  --- 57  
124 - -  - -  - -  2 - -  2 - -  - -  - -  50  53  
195 . . . . . . . . .  65 - -  
126 . . . .  1 i - -  - -  
198  . . . .  i i 2 I - -  8G 87  
130 . . . . . .  2 3 - -  - -  66 
132 - -  - -  I - -  - -  1 4 1 - -  64  67 
134 . . . . . . .  I - -  - -  70  
Over  135 . . . .  I 2 . . . .  
136  . . . . . . . . .  
138  . . . . . . . . . .  
140  . . . . . . . . . . .  
Average  ! 85 86  89  95  98 104  ]_15 121  - -  
per iod  ; 
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TABLE XXVI.  
The ,relation between the lenuth of the "segetaiiw 2Jeriod o j" the F~ 
generatio~ of ct c'ross a~u~ t/mse of the pa~'e~zts. 
Monopodi~l Pare~ Sympodh~l Paten% 
Type Days Type Days 
Type 3 146 Type 4 83 
,, 3 146 ,, 5 80 
,, 3 l~.t6 ,, 8 78 
,, 3 146 ,, 7 69 
F1genar~ion 
ParenSs ~aximu~ Minilaum Mean ~ifferenee 
]1r ].08 80 9~ 90 
113 iii 77 98 15 
Ii~ i18 82 96 16 
i~0 193 88 105 15 
104 78 93 86 18 
The [eaf flands. 
TABLE XXVI I .  
F~ and 1< ge~ner~tlons f the cross, fype 3 (leaf glc~9~ds 
3--1) • Tw~ ~ (~e~d ,q~z~ % 
Leaf  glands 3 - -1  ...... Leaf  g land 0 
F 1 15 pb.uts . . . . . . . . . . . . . . .  Leaf  g land 1--3 
F2 Leaf glands . . . . . .  0 1--3 3--1 Total glandular 
Number of ind[vidua! ... 68 113 i00 213 
Ra~[G . . . . . . . . .  i 1"7 1"5 3"I 
Used  as parents  ... ~,i i07  90 197  
Pure Impure Pare Impure Pure Impure 
60 4 9 105 38 59 
Cm*ree~ed distribution .., 62 161  38 901  
Expectat ion  . . . . . .  65 130  65 195 
H. M. LEm<E 269 
The le~f g~a,~ds. 
Character of 7~ ~o. of 
p~ront pianos 
60 
TABLE XXVI I I .  
Tt~e F~ generatloq~ o/ th~ cross. TWpe 3 • Type 4. 
Leaf glands 
TotaL To~al ~89 
glan- indivi- Expec~a- Character of F:~ 
0 I 3 3--1 duiar duals tion offspring 
1381 - -  - -  - -  138[  - -  Lea f  8lancls 0 
Leaf  g lands  0 
Leaf  glands 1 - -3  
1 8 4 0 - -  - -  - -  
1 4 2 1 - -  - -  - -  
1 39 0 1 - -  318 872 Leaf  g lands 0 
1 18 1 0 
4 62 7 9 
1 - -  23  . . . .  
1 - -  G - -  - -  1080  17 ' i4  Lea[  g lands  1 - -3  
2 - -  29 . . . .  
105 557 822 899 1712 - -  - -  
Expectat ion ... - -  567 1134 567 1701 - -  - -  
Lea f  glands 3 - -1  52 199 222 890 919 1591 872 Leaf  glands 3 1 
Expectat ion ... - -  278 55~ 978 834 - -  - -  
38 - -  - -  679  - -  679  - -  Lea f  g lands  3 - -1  
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Flower eolour 
TKBL]3  XX[X .  Co'rre~c~ion be~wee~ the p~,esenee o/ the red 
Le&f  ~,~ .~ 
oo~o~r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Type 3 • Type 4 
Pure forms 
tt.ed on Yellow l amina  1 - -  3 4 6 4 
Yellow green 4 4 12 20 6 5 5 - -  1 
Impure  forms 
Eed on yellow lamina 1 3 1 2 3 10 i2 
Yellow green 1 1 1 - -  4 3 - -  5 i i  9 15 i i  18 I i  4 
Type 3 • Type 9 
Pure  forms 
Red on yellow lamina 2 i 
I%ed on white lamina  i I i - -  
~ellow green . . . . . . . . .  i 2 I 3 3 1 
White green 1 - -  I - -  2 9. __  4 3 1 
@) In  one  eharacter only, 
Impure forms 
I Red on yellow l amina  Red on white l amina  
Red on  yellow l amina  
Yel low green 
lled on  whi~e l amina  
White  green 
{b) In both sharaeters. 
P, ed. on yellow lamina 
Red on white l~mina 
Yel low green 
White green 
1 5 -- 
1 1 - -  2 - -  
9 
1 1 2 - -  1 8 1 - -  
1 - -  1 1 2 - -  9 
1 --  1 1 - -  3 2 2 
1 3 2 9 2 
2 2 1 ! 3 3 
2 2 1 8 2 6 5 2 5 I 
3 2 .-- 2 5 1 3 4 1 - -  1 
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eolouring mc~tter of the s~p ~nd ~ [engt4e.'ned vegetative period. 
6 7 7 5 4 8 4 4 1 I 124 
3 2 1 111 
i i  ]i 7 8 15 8 7 ~t ~ 1 I 
4 3 - -  2 2 1 1 . . . . . . . . . .  
125 
113 
i 1 2 " - -  - -  1 3 1 ] 1 131 
1 2 i 4 1 ~ 1 1 -- -- --  1 129 
-- i 3 - -  2 - -  2[ . . . . . . . . . . . . .  119 
2 2 1 1 1 I17 
i -- 3 1 4 ~ 2 3 5 1 - -  1 
- -  1 ~ 4 2 2 4 1 3 -- 3 2 1 
1 1 -- 2 2 2 2 1 1 1 1 1 
1 3 1 3 - -  
3 1 2 1 1 2 1 1 
4 ~ 2 1 t. 
6 4 ~ 5 2 2 6 1 2 
1 3 1 2 3 2 1 -- 1 1 - -  1 
1 3 2 2 -- 2 . . . . . . .  
3 -- 3 I 1 
131 
132 
133 
I~0 
119 
125 
125 
114 
113 
272 Studies in Iizdian Cotto~z 
PLATE XXXV. 
EXPLANATION OF FIGURES. 
PeLal Colours Cross Type 3 • Type 9. 
i. ParenbType 3, 
2. Parent-Type 9. 
B. Ft generation of cross. 
4~9. F~ gener~tion of cross, 
4. Full l'e f] form--pure or giving 4 and 6. 
5. Impure red form--giving 4, 5 gnd 8 or 4, 5, 6, 7, 8 and 9. 
6. Pare red on whi~e form giving 6 only. 
7. Impure red on whi~e form giving 6, 7 and 9. 
8. Yellow form--pure or givind 8 and 9. 
9. Pure whige form--giving 9 only. 
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Monopodial type. Sympodial type, 
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